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I. INTBODUCTION

A. GENERAL

This paper is the result of a Headquarters Marimne Corps
request to explore the use of James-Stein and other
shrinkage type parameter estimation schemes for the purpose
of generating manpovwer loss rates. The very large number of
cells within the USHMC officer force structure leads to tae
condition that empirical attrition rates are unstable. This
problem is compounded by the fact that the cell probabili-
ties are small. Further difficulties are present because
some ¢i the inventory cells are empty for structural reasons
while others are empty by chance. Tnerefore, the small
iaventory cells draw especial attention. ‘

In order to deal with +this phenomenon, variance stabi-
1izing and syametrizing transformations followed by versioas
of the James-Stein shrinkage technique were applied to
selected aggregates of the USMC officer data. The applica-
tion ¢f these methods to the summary data provided by Navy
Personnel Research and Development Center (NPEDC) has shown
much fromise. It has been illustrated within this project
that improvement can be attained from application or these
methcds over other estimating ﬁethods.

Since considerable further work is needed to screen our
choices, a further purpose of this thesis is to document a
nunter of supporting materials, including a thorouga Jdiscus-
sion ¢t the following:

1. Backgyround of attriticn and promotions for WJSMC
officers.

2. Data types and the immediately available data case.
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3. Identifying the plans (consumers) that wutilize

o attrition rates.

{: 4. Formulas and mataematical risk calculations relating
v to the James-Stein and empirical Bayes estimators.

3?; Cross validation fprocedures were utilized to illustrate ‘
ifj the improvement of shrinkage methods over the use of
;i} empirical rates.

L)
3 B. BACKGROUND
S
IIE The forecasts made by Manpower planning models are
. affected by three general factors: existing inventory,
L?; projected losses, and projected gains. In order to project
}E toe inventory into various future time periods it is neces-
:E; sary to use a realistic system of flow rates. Currently
¥ o

o those rates are generated largely through arbitrary manual

- processes. The goal of this paper is to examine ways to

3&{ develcp objective and computerized loss rates.

Q% There is an inherent confusion in terminology of losses .
- and loss rates in that some are leavers from the darine

- Corps and some are merely transitioning within the force .
g%f structure. Flows of Officers from particular cells are
ék characterized by Military Occupational Specialty (M0S),
i) length cf service (LCS), grade, and perhaps some other cross
;ﬁ:: classifying characteristics. #hen the flows go from oane
,};j cell tc anothmer within the Marine Corps, then the flow is
l}i referred to as a strength loss ror the former cell. Ao
ﬁﬁ officer moving from one cell tc anotner cell does not mean a
jzz loss from the Marine Corps to tne civilian labor market.
e Changes such as promotion to a higher pay grade or losses to
E%i a cell due to an officer increasing from one length of
g service to tne next are other forms of tramsiticn within tae

[ force structure.
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hﬁl Losses from within the Marine Corps to the «civilian
fiﬁ' labor market are the only losses treated ir this thesis.
fi; They can be voluntary or involuntary. Voluntary losses
7_ occur when officers resigmn, retire, or are released by
égg choice. Involuntary losses occur due to dischnarge, death,
{}S disability, release from active dauty, and retirement.
}g: Retirement can be voluntary or involuntary.
{)' Authors who have studied loss rates and how they apply
f to manpower planning are emphasizing the importance of
E%: understanding these rates 1in order to <conduct proper
s forecasting. [Ref. 1] [Ref. 2]
i A dirfficulty encountered in doing this project was that
iﬁH of obtaining sufficient data points with which to conduct
ﬁ;} cohort or census manpower data analysis [Ref. 1]. The
m?ﬁ reason for this difficulty wvwas the state of the Marine Corps
_ automated data reporting system prior to 1976é. During tne
iig period 1970 to 1970, tue Marine Corps was instituting its
V&I first automated personnel reporting system. Many probleas
R ry were encountered during this period. Therefore, data rIrom
this period is generally unreliable. Data at the Defemnse
I;ﬁ ' Manpower Data Center is based on icput from Headgquarters
Ugﬁ Marine Corps and was found to have similar groblenms. A
f?J complicating factor during this period was the Vietnanm
ff{ conflict and the attritions generated by the conflict.
?ﬁ These prcblems prevented an extended data base from whica to
Eff drav from for the purpose of this paper. The HMarine Corps
Vé? manpower reporting system was amended in 1976 and by 1977,
ff} the system was reporting data with over 95 percent accuracy.
-
i C. THE MARINE CORPS OFFICER ATTRITION AND PROMOTION
L STRUCTURE
ehE
o An avalysis of a Marine Corps officer as he moves
fﬁ? through his career reveals key periods in wnich an officer
o 15
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is most likely to ieave the service. These petiods coincide

with promotion points in the service. Under normal circum-
stances, unrestricted 2nd lLieutenants are promoted to 1ist
Lieutenants after 24 months in grade. 1st Lieutenants are
promoted to Captains in the Fifth year of conmissiored
service, Captains to Majors during the tenth year, Majors to
Lieutenant Colonels during the sixteenth year of service,
and Lieutenant Colonels to Colcnels during thae twenty second
year of service. An important influencing factor is the
fact that retirement benefits are not achieved until tae
twentieth year of total service.

1. Lieutenants

Lieutenants normally have a four or <Ifive year
initial term of service depending on their source cf commis-
sion and Military Occupational Specialty (MOS), either air
or groauand. Aviation Lieutenants are some what special.
Only a smalli number of aviation Lieutenants leave the
service. This is due to their longer initial term of
service, which <causes them to reach the grade of Captain
before the level of natural attrition is more 1liikely to
occur. Attrition of Aviation Lieutenants is p[primarily a
function of accidents, illness, and disciplinary problems.

2. Captains

There is a much greater period of <flexibilaty tor
Captains given that they are regular officers or reserves
witn an extension of service agreeaent. Captairs are
promoted at five vyears of comnissioned service and are
either passed over or promoted to Major by their eleventh
year ci service. Thus in a period o< over six years, arn
individual wmay leave the service voluntarily at any point.

16
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D. AITRITION OF AVIATORS

e
‘53 The attrition rate of aviation officers was affected by
R the intiation of Aviation Officer Continuation Pay (AOCP) in
8 1981. AOCP provides a bonus per year to aviation orficers
. and this in turn obligates continued service. The progran
3 was applied to all ranks provided the individual met certain
i active duty flight status requirements. This actiom by DOD
.f' has had its desired effect uron the retention of aviation
; officers. This accounts, in part, for the reduction in
a attriticn rates for Lieutenant Colonels in 1983 and for
Majors and Captains in 1982 and 1983.

e E. TERAS
13; The following terms will be utilized within this
o project:

= 1. Aggregation - <collection of historical officer data
’iE over distinguishing characteristics. For example,
- the aggregation of all grades withir a Military
L Occupational Specialty (MOS).

f 2. Attrition - any departure from the Marine Corps py an
;g officer.

*&} 3. Attrition rate - idealized ratio of attritions to
b inventory.

4 4. End-strength - total number of the Marine Corps
55 officers at the end of a specified period of tiame.

?: 5. Limited Duty Officer (LLO) - professionally gualified
3 officers specifically designated for 1limited duty
: within certain MOS's.

‘$E 6. Unrestricted - all ofticers not designated as Limited
puty Officers (LDO).

f 7. Regular - unrestricted officers not specificaily
:5 assigned to a "Reserve" status.

>
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8. HReserve - unrestricted officers with a specifically
assigned "Reserve" status.
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II. SIBUCTURE OF THE DATA BASE

A. SUBMARY DATA FILE

The data used in this fproject was obtained from a
sunmary data file from the Comaander, Navy Personnel
Research and Development Center (NPEKDC). The summary data
file was gererated from two source files: the Headguarters
Master File (HMF) and the Quarterly Statistical Tramsaction
File (STATS). The Headquarters Master File (HMF) was used
to produce nistorical officer inventories as of the begin-
ning ¢f the fiscal year. Inventories were dJenerated for
eacn fiscal year from 1977 through fiscal year 1983. The
inventories were identified by distinct characteristics.
These characteristics were Military Occupational Specialty
(40S) , grade and length of service.

The data in hand does not distinguish between unres-
tricted officers and 1limited duty officers. For that
reason, discussion cf the characteristics that separate
taese two types cannot be used advantageously herein. Such
discussion is included however in anticipation of receiving
a more discraiminating data base in tae future.

The Cuarterly Statistical Transaction File was used to
gen'erate historical 1lcsses. Within tais file, irf the Iype
Transaction Code indicated a loss, then the Effective Date
of Action field would specify the year and moanth of the
loss. Losses were classified into eight categories for each
fiscal year 1977 thrcugh 1983, The losses were furtner
classitied into distinct elements by MO0S, grade and length
of service.
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B. SUHMBARY DATA FORMNAT

The summary data file classified the Marine Corps
Officer inventory into 40 Military Occupation Specialties,
10 grade levels, 31 lengths of service, and 8 loss catego-
ries. The data format is defined by Tables I and II. The
column containing the 1letters A through E refer to the
structural zero problem discussed in the next section. See
the material surrounding the contents of Table V.

Throughout thLe remainder of this project, when reference
is made to a particular Military Occupational Specialty
(4035), the data code reference from Table II will be used
instead of the actual MOS. For exanple, this project will
refer to the Utilities MOS as number 06 and not 11. It
should also be understood that the two digit MOS identirfier
listed in Table II is strictly the Occupational Field iden-
tifier in the USMC MOS Manual. This results in MOS, for the
purposes of this paper, being an aggregation of what is
usually understood to be an MOS cell.

C. STRUCTURAL AND SABPLING ZEROES

There are two kinds of zeroc inveantory cells that must be

dealt with:

1. Structural zeroces: A cell whose inventory is always
zero because certain grades and length of service
combinations should never appear in the Military
Occupational Specialty (MOS). For example, a
Lieutenant Colcnel with 4 years of service in any MOS
or an inrantry warrant officer in MOS 03 does not
exist.

2. Sampiing zeroes: according to the sample data, there
is no officer in the particular grade and length of
service combination fcr a given fiscal year and
Military Occupational Speciaity. This 1is not a
permanent condition, but one tnat occurs by chance.
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ﬁi TABLE I
e DATA FORMAT
i
) COLUMN DATA
0 1-2 YEAR - (FISCAL) (1977...1983) ‘
,-ﬁi %-% HOS GRO P (0...39)
o 7-8 FANGTH OF SERVICE (0. ..30 ‘
i 9-13 BEGINNING OF YEAR INVENTORY
! ; 14-53 LOSS COUNTS (TYPES 1...8
e
t _:.t_
A |
b CODE GRADE
a 0 WARRANT OFFICER
1 CHIEF WARRANT OF ICE CWO-2
N < CHIEP WARRANT OPFFICER (CWO-3
el 3 CHIEF VWARRANT OFFICER (CWO-4
w5 ) SECOND LIEUTENANT
\“@ 5 FIRST LIEUTENANT
ol 6 CAPTAIN
W 7 MAJOR
8 LIEUTENANT COLONEL
_ 9 COLONEL
I%f
o «
- CODE TYPE LUSS
1 VOLUNTARY RESIGNATION
B 2 VOLUNTARY RETIREMENT J
I 3 INVOLUNTARY - DEATH
;Qt 4 INVCLUNTARY - DISCHARGE
a s 5 INVOLUNTARY - DISABILITY ]
rﬁ‘ 6 RELEASE FROM4 ACTIVE DUTY
L 7 DISABILITY RETIREMENT
;) 8 INVOLUNT ARY RETIREMENT
A
.%
M
o
3
& For tne purpose of clarity in this paper, the ncnstruc-
{i* tural zero region will be referred to as beiny witnin the
,§i4 Feasikle Region. This region is defined by the lower and
%i; upper limits of the length of service for eacnh grade. Takle
: III identifies the minimum and maximum years of commissioned *
Mo . . . _
§¢ service for the Marine Corps officer grades for the '
-
N
e
4o} 22
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TABLE II
BILITARY OCCUPATIONAL SPECIALTIES (MOS)

DATIA
CODE MOS CAT MOS TITLE
00 UN A UN KNQWN
01 01 A PERSONNEL AND ADMINISTRATION
0« 02 A INTELLIGENCE
03 03 C INFANTRY
04 04 a LOGISTICS
0% 08 A FIELD ARTILLERY
0¢€ 11 D UTILITIES
07 13 A ENGINEER, CONSTRUCTION, AND EQUIPHENT
Q€ 14 D DRAFTING, SURVEYING, ﬁD MAPPING
09 15 D PRINTING AND BEPRODUCTION
10 18 C TANK AND AMPHIBIAN TRACTOR
11 21 A  ORDNANCE
12 23 B AMMUNITION AND EXPLOSIVE ORDNANCE
DISECSAL
13 25 A OPERATIONAL COMMUNICA TIONS
14 26 A g{gg%ﬁg INTELLIGENCE/GROUND ELECTRONIC
15 28 B DATA/COMMUNICATIONS MAINTENANCE
1€ 30 A SUPPLY ADHINISIRATION AND OPERATIONS
17 31 A TRANSPORTATIC
18 33 A FOOD SERVICE
19 34 A AUDITING, FINANCE, AND ACCOUNTING
20 35 A MOTCR TRANSBORT
21 40 A DATA SYSTEMS
22 41 B MARINE COEPS EXCHANGE
23 43 A PUBLIC AFFAIRS
24 44 A LEGAL SERVICES _
o 25 46 A TRAINING AND AUDIOVISUAL SUPPORT
L 2€ 55 B BAND
X 21 57 D NUCLEAR, BIOLOGICAL, AND CHEMICAL
:_ 28 58 A MILITARY POLICE AND' CORRECTIONS |
- 29 59 B EL ECTRONICS HAINTENANCE
N 30 60 A 60XxX
A 31 61 A AIECRAFT MAINTENANCE
J 3z 63 B AVICNIC
s 33 65 B AVIATION ORD NANCE
s 34 68 B WEATHER SERVICE
et 3¢ 70 D AIRFIELD SERVICES
‘ﬁg 3€ 712 A aigfgg%TR L, ATk SUPPOKT, AND ANTI-AIK
é 37 73 A AIR TRAFFIC CONTROL
[ 38 75 C PILOIS AND NAVAL FLIGHT GFFICERS
5 39 99 E IDENTIFYING MOS AND REPOKRTING MOS
ASAS
RS J
SRS
B~ "
\.'g'y
“-:’_’*.
y unrestricted as well as the Limited Duty Gfficer. Recall,
Xl
oy the latter type is not separated in the current data.
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'y TABLE III
(4 MININUN AND MAXINMUM YEARS—-OF-COMMISSIONED
. SERVICE FOR OFFICER GRADES
'5,
i Grade Unrestricted 1DO
s MIN YCS MAX ¥CS MIN YCS MAX YCS [
i HO1 1 4 - -
B CHO2 4 9 - -
. CWO3 8 13 - -
;. CWo4 12 2“ - -
3 21T 1 4 - -
o 11T 1 8 1 8
0 CAPT 4 13 2 12
L ¥AJ 9 20 5 18
) 1ICOoL 14 23 8 23
CcoL 21 30 - -
t_ In order to get the officer's length of service one aust

“ add the ofticer's prior enlistment period to the officer's
: years of commissioned service. Since prospective warrant
b officers are required to have a minimum of five years of
service prior to consideration by the officer selection

® <
7

board, the 1logical lower limit for length of service for
warrant officers is five years. The LOS ther would include

222 Tats"

7,
-

the total of this service and the respective years of
comaissioned service. Additionally, warrant officers are

e
.
L4

1
-

required to have 10 years of service prior to consideration

o to becoune Limited Duty Officers. This affects the lower
o

) limit of the length of service ror Limited Duty Officers.
;_ Tae logical lower 1limit for length of service for LDO's
)

o, wouid be 10 years.

.3 The summary data provided <£for this project did aot

X distinguish between unrestricted and Limited Duty Officers.
e Additionally, the length of service was the characteristic
? provided instead of the years of coamissiocned service for
; each of the officer grades. Table IV identifies the lower

bj 24
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and ugper 1limits of the Feasible Region of the length of
service for Marine Corps officer grades wutilized in this
project.

TABLE IV

MININUM AND MAXINUM LENGTH OF SERVICE
FOR OFFICER GRADES

Grade MIN LOS MAX LOS

Wo1

(9]
*;
(@]
&
= Y

N

=

(]
- O amrad VDO
WWWNN  WWWN
OCCOOO0O OOO00O

Q
(o]
[
N

Note the maximum limit in the majority of grades can
feasikly be 30 years. This was substantiated Ly the actual
data wherein the maximum length of service for grades CWO03
through Colonel was 30 years. The maximum length of service
for wC1's, 211's and 1.T's was 1limited to 20 years because
of the very small number of actual officers with 21 to 30
years of service within these grades.

One method of ccnsidering the size of the feasible
region 1is to create a mnmultidimensional array using alil
conbinations of different characteristics within the data.
If ail characteristics were considered for all seven fiscal
years, the size of the multidimensional matrix wculd be
Tx40x31x10x8a This would represent 7 years, 40 MOS's, 31
Los's, 10 grades and 8 1loss types. This would create

‘694,400 different cells that could be dedicated to 1loss

P Py P
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counts. Hovever, to bring the dimension to a more manage-
N able level, consider one year of data for each 1loss type
having a cell count of 40x31x10. Therefore, for each loss
type within a fiscal year there is a total of 12,400 cells.
Many cf these cells are infeasible and are designated those
with structural zeroes.

ey Ty T

The region of structural zeroes is the area outside of

the minimum and maximum length of service for the officer
grades as listed in Table IV. But it is further articulated

Ll S S R

because of additional constraints imposed by the various H40S
classifications. This is largely because of the suitability
of certain MOS's being assigned to unrestricted, warrant and
Limited Duty Officers. The particular M0S's are identiziied
for illustration purpcses by letter in Taple II according to
the general categorization listed in Table V. This general
‘? M0S <categorization specifies by <category the inclusive
;: grades within certain MOS's, the number of MOS's with the
specified grade structure, the number of structural zeroes
per MOS, and the total structural 2zeroes within eacn
category. The total number of structural zeroes is 6149.
o Therefore, the number of cells within the feasible region is
6251 for each loss type for a given fiscal year.

q D. CENTIBAL DATA

A The following is an observation made by the author
) regarding the summary data atilized in this project. This
i data, which was provided by Navy Personnel Research and
Develcpment Center (NPRDC), was classified as central data

T

3 according to Bartholcmew [Ref. 1: pe 25]. Bartholomew

? defines central wastage (attrition) rates as follows:

" 1. 1The central wastage (attrition) rate is the number of

;: leavers during the period who were in this class when

fQ they left divided by the average number in this class

B

4 during the period.

»
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N TABLE V |
Y

Lo STRUCTURAL ZERCES CATEGORIES

X Stru. Total

- Grades Number Zeroes Zeroes

- Category Within MOS of MOS per MOS per Cat.
- A WO01...LICOL 23 129 2967

' B WO0l...CWO4,LDO 8 159 1272

*‘ C 2LT... L1col 3 202 €06

A D WOl...CWOY 5 237 1185

- E W01...CCL 1 119 119

g TCTAL 40 6149

.; A problem arose on several occasions when the data was
; disaggregated to a level where the inventory was very small.
, For example, when examining the inventory in a particular
:Q fiscal year, the inventory was zero ror a Length of Service
.3 (LOS) and Military Occupational Specialty (MOS) comtiration.
\

}b Examiping the inventory in the next fiscal year for the sale
acy LOS apd MOS combination also vwas zero. However, the problen
:j arises when the number of leavers is equal to or greater
ff than cne. The average of the inventories for the two fiscal
‘; years 1is ZzZero. Using this result in the estimation of the
e attrition rate would ke ambiguous. The zero in the denomi-
- nator of the ratio of leavers to average inventory resudlts
f: in an undefined expressior.

i For the purpose of removing tnis ambiguity in the data,
i the following policy was adopted to define the «central
f inventory unumber for the officer force at disaggregated
; levels: For any cell cr collectiorn of cells

; 1. let, t = 1...6, refer to tie years 1977...1982.

e 2. let, Y(t) = Number of lcsses in year t.

:f 3. Let, INV(t) = Inventory in the %egiuniug of year t.

"
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4. Let, N(t) = Maximum of Y(t) and the average inveatory
in year t, using the fteginning inventory 1in year t
and t+1 and ccmputing their average:
(INV(t) +INV (t+ 1)) /2.

5. let, m= Sum cf Y(t) divided by sum of N(t), (both
sums over t) represents the empirical central
attrition rates for the particular cell or aggregate.

The data bank that will  ultimately be utilized in the
parent project at NPRLC, of which this project is a subset,
will contain the appropriate inventory and attrition data so
that the above modifications will not be required. It is
curreptly planned, Lty NPRDC, to produce the historical
officer inventory as of the teginning of a monta and tae
losses will be identified by the month in which the officer
leaves tbhe Marine Corgs. This will provide the elements rfor
a more accurate estimation of thne attrition rate on tae

disaggregate level.
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A. OVERVIEW

In order to gain an appreciation for the complexity of
the Manpower Planning process, the author during his experi-
ence tour at Headquarters Marine Corps had the opportunity
to contact key individuals resrponsible for the execution of
tne mcdels currently utilized within the Manpower depart-
ment. The methodology used to identify the current system
included interviews with the action officers of the Officers
Plans Section (Code MPP-30), briefings and interviews with
representatives from Allocations Section of Manpower Comntrol
Branch (Code MPC-20), Officer Assignment Branch (Code MMOA),
Manpower Plans, Programs and Budget Section (Code MPP-40),
Manpower Management Informaticn Systems Branch (Code MPI),
Assistant Deputy Chief of Staff for Manpower (Code M), aand
examipation of existing manuals, Requirements Statement for
Officer 2lanning Systen, and Statement of Work for the
Develcpment of the Officer Inventory and Manpower Flow Data
Base Systen.

The goal of the officer planning process is to shape the
officer force structure over the 7 planmning years (current,
budget, and five Program Objective HMeaorandum (FOM) years).
This fcrce structure is affected by three influencing
factors: existing inventory, rrojected losses, and expected
gains. Tke Officer Plans Section (Code 4PP-30) supports the
Manpower Departament at Headquarters Marine Corps by
preparing pians that address each of these factors.

The plans which input the target inventory calculations
are the Promotion Plan, the Lateral Move and Directed
Lateral Move Plans, the 1Inventory Projection, and the
Manpower Plan.

29
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S0 Losses in the officer force are the result of retire-
ments, resignations, releases, discharges and other factors
et (e« g., death). Among these factors, releases and aandatory
- (statutory) retirements addressed in the Oficer Ianventory
Contrcl Plan, can ke estimated with a high degree of

*E certainty. The remaining loss factors are estimations based
E:ﬁ on fcrecasted attrition rates utilizing historical data. :
N All of the factors contributing to losses in the officer
Eﬂ: inventory are addressed in the Inventory Projection Loss
ﬂ;: Plan.
iE: Gains in officer force are tne result of accessions and
augmentation. Accessions are identified in the Accession

ij- Plan ana augmentations are identified in the Augmentatiorn
3; Plan. The numker of field grade oificers are directly
iﬁ influenced by statutory limitations specified i1n Title 10,
() U.S. Code. These limitations affect both of these plans.
%: In the planning process, in crder to plan for an adeqguate
T nunber of field grade officers in the future, one pust
.?j currently access a sufficient numter of second lieutenants.

’ The force structure 1is also affected by the mixture orf
&ﬁi skills of the officer inventory. The plans used to support
e the required mix and levels of skills are the TBS/id0S
A Distribution ~¢£lan, the Entry Level Training Plan, tne
C? Lateral Mover Plan, the Continuation Plan, and the Promotiorn
;: Plan.

i B. SCURCES OF INFORMATION

L |
@ Input from the following external sources provide infor-
)fl mation required by the Officer Plans Section to create the
QE plans identified above.
. 1. Statutory limitations specified imn Title 10, J.S.
‘:: Code.
»
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‘¥i 2. Desired inventcry force structure as enumerated in
Ykﬁ the Grade Adjusted Recapitulation (GAR).
S0 3. Feedback data from agencies which execute the plan

(for example, actual monthly promotions).

N 4. Historical data from JUMPS/MMS on officer service
?Si characteristics and any changes in the officer
;;; invertory over tinme.

) 5. Current data on the existing officer inventory
Ef utilizing the Cfficer Slate file and the Lineal List
o file.

C. FIOW OF INFOEBATION

The planning process consists of three major elements

comprised of several processes. These elements are:
1. Preparation for planning.
2. Plan development.
3. Force structure analysis.

The preparation process includes development of the
targeted force structure to include distribution of officers
v by skill, sex, unrestricted/restricted categories, and
grades based on historical flow rates and USMC policy objec-
,;t tives. The requirements definition process establishes the
:j authorized rumber of officers in eacn Military Occufpational
‘Q~ Specialty (M0S) and grade for the five planning years and
ﬁ% determines tine target force. The programmed reguiremernt is
oy specified in the Numerically Adjusted Recapitulation (NAR).
!! The planning process also includes tae determination of
officer attrition rates. Currently tae attrition rate
determination method is accomplished in conjunction with tae
‘kd Officer Promotion Planning Process. This model divides tae
attrition rates into two categories: statutory and non-
statutory. The statutory attrition rate results from USdC

and LOD policies and is applied directly to the officer
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ﬁﬁ iaventory. The non-statutory rate is derived from a tiae

fé series apalysis of officer inventory. This rate is based on

R historical data and assumes ccntinuation of present trends.

s Currently there 1is no attempt to provide predictive rates

ﬁ. based on econometric techmniques. However, such an approach )

j} is being researched by the Navy Personnel Research and

{i Development Center f£or use by the Manpower Department.

v The development process includes projection of the

i; officer inventory and generation of various plans. The goal

oo of the inventory projection process is to provide a break-

'& down by month of the number of officers 1in each grade,
Military Occupational Specialty (M0S), and other ofiicer

{j attricutes (for example, restricted, years of cogmissioned

E&: service, sex, etc.). This breakdown is for each of the

;} planning years. Currently the inventory projection 1is

s detereined in one of several ways, depending on the pliarn

j& beirg developed. The Promotion Planning Process projection

ff is utilized if the level of aggregation is adequate for the

. plan. Otherwise, manual calculations are used to aggregjate

s from the promotion planning process inventory projection or

. to generate a mnew projection.

;é The plan generation process is complicated by the inter-

ff dependence of the Flans and the timing of their production.

e Table VI identiiies the plan generation process inciuding

iﬁ each Flam, the frequency of the generation and update of

}: each rlan, the users, and the sources of data.

“f; The force structure analysis process involves verifica-

> tion cf the generated plars and evaluation of their quality.

32 Comparison is made cf the results of the planning process

\E with the USMC objective force specified by the Grade

~ Adjusted Recapitulation (GAR) and the promotior flcw points

éf specified Ly Defense Officer Personnel Management Act

o (DO2MA) .

! e .

e
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2 TABLE VI
NN OFPICER PLAN GENERATION SUMMARY
J:'_"
L SOURCES
-:J.:,f PLAN GENERATED UPDATED ' USED BY OF DATA
N Prcmotion plan  Annual Monthly Prom. Brd 1,2,3,4
», g ¥ ¥BB30 1877
o RES
.é MMPR
FL: Augmentation Apnual Monthly MPP-30 1¢2¢3,4,
GRS Plan MMOA 11
N OB
‘ Inventory Annual Annual 4ppP-30 1,2,3,4,
e Prcjection 3¢6,7,38,
et 9 1
o Inventory Proj. Annuai Annual  MPP-30 1,2,7
A0k Loss Elan
Ko Continuation Annual Annual MPP-30 1,2,4,5
¥ Plan . . R ‘
SC8
igﬁ Accession Plan Annual Monthly MPP-30 1,2,3,4,
SIS Entry Level Annual Monthly MMOA 1,2,4
%S Training Plan %BS
S TBS/M0OS Annual Monthly MMOA 1,2,4
AR Distribution 1BS
508 Plan T
L% %
‘N Lateral Move Annuaal Monthly MPP-30 1¢42,4,5
- Plan MMOA
‘an danpower Plan Annual Monthly MPP-30 1,2,3,4,
.:‘:.:' upp-ao 5'6'8'9 '
%i- gfficgr control Apnual Monthly MPP-30 1,2,4,5
ot an
X
&
e Source of Data Codes
R 1. HHF 7. JUMPS/MMS
bl 2. Attrition Rates 8. WO Accessions
3. DOPMA 9. Retirement/Separation
- 4. GAR 10. Lineal List )
L 5. Budget ) 11. Orficer Slate File
N b. Candidate List
K., .. J
)‘H’!’.
2 33
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D. PIANS

Fromotion plan is generated by tne use of the Promotion
Planning Process model. The model's output is a statistical
projection of the officer inventory over a period of up to
10 years. It also provides several built in fpromotion
strategies. '

Augmentation Plan 1is generated to provide the Officer
Retention Board (ORB) with information on the vacancies
available in each fiscal year of the ©planning process
regarding officers in a category (i.e., Aviation, Ground,
and Naval Flight Officer) with a certain number of years of
commissicned service.

Inventory‘Projection 2lan is generated for a five yecar
projection and is specified ror each year by grade, years of
coamissioned service, and category (unrfestricted or Limited
Duty Cfficer (LDO)).

Inventory Projection Loss Flan contains data on expected
losses from the inventory projection process. The plan 1is
utilized to indicate which year of comaissioned service the
losses are most likely to occur.

Officer Inventory Control Plan provides information orn
the npumker of reserve officers whose <contracts expires
during the fiscal year. It 1s influenced by the
Augmentation Plan and provides guidance on tae number of the
officers who may be retained.

Centinuation Plan specifies the number of officers tnat
may ke granted an extension of active duty depending upon
their Military Occupational Specialty (MOS).

Accession Plan identifies the desired number of incoming
potential officers and receives as input the number oi
vacancies for each year of the planning process. 3ince
accessions i1ato the USMC are Ly officer candidates waho have
usually signed contracts several years prior to graduation,

34




the pcol of accessions for the first three years are gener-
ally well known. The goals for the remaining planning years
are established on prcjected officer losses and on tudgeted
end strengths.

Entry Level Training Plan and the TBS/MOS Distribution
Plan ensure that the entry level officers have the wmix of
Military Occupational Specialties that 1is needed to fully
sapport the force structure.

Lateral dove Plan provides information on the shortage
or overage in each idilitary Occupational Specialty by
year-group.

Manpower Plan is a summary of gains and 1losses in each
grade.

35




IV. BARINE CORPS OFFICER ATTIRITION MODEL

A. DEFIBITION

A definition for a manpover model offered Ly Bartholomew
is:

A manpower wmodel is a wmathematical description of how
change takes place in the systen. First of all this
reguires the specification 0f any constraints under
wolch the systeam operates . . . . SecondlI, a model
must specxt{ the mechanism which generates flows.  Soae
floss such as prcmotion or demotion are under tae
direct cortroi of management . . . . 6;her floss, suca
as voluntarg wastage, are not under direct maragement
control anb ssumptions aocut their future levels is

a
likely to e base on a blend of historical data ana

manadgelent judgement. [Ref. 1: p.

B. ASSUMPTIONS

AssuEptions regarding flows of personnel within a systena
can te <classified in various vays. If a manpower policy
dictates that a specific percentage of individuals in a
particular category would leave in a given time period thern
the assaaption about the flow would be deterministic. Given
a level of inventory in the category under the deterministic
assumfptiocn, then there is 6o uncertainty about how many
individuals will actually .Jieave. A deterministic model
contains no random variables and there is a unigue set of
model output data for a given set of inputs. ([Ref. 3: p. 3]

Hcwever, if each individual in a category had a certain
protakility of 1leaving in a given time period, then the
assumption about the flow would be stochastic. Given a
level of inventory in tne <category under the stochastic
assumgtion, then a prediction of the number of individuals
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[1. leaving would not be precise. A stochastic model contains
,&f one or more random variables. The output of a stochastic
‘%% model is random and thus only estimates the true character-
s istics of the system [Ref. 3: p. 3]. The output of a

stochastic model is a probability distribution. If indivii-
vals within a system bebhave independently regarding their
decision of 1leaving, the actual number of leavers has a

L e

oo binomial distribution whose average is a certain percentage

'y of the inventory within a category [Ref. 1: Pe 7].

Voluntary attrition from the Marine Corps is a stochastic

Al flow since it results from a number of more or less indepen-
dent individual decisioms.

- C. AITRITION RATES
E; A fundamental role in manpower analysis 1is played by
-}? attrition rates. The time period can be any duration. The
{j most ccmmonly used periods are months and years. The use of
;EE ‘ the central attrition rate when the categories are defined
v witn respect to length of service can be considered as esti-
>3 mating the constant rate of leavingy or separation during a
{éﬁ year. Using this method, the standard error of the central
ig attrition rate can be estimated if some assumptions are nade
33' about the attrition process:
W) 1. 1The number in the category turoughout the year was
h% constant and equal to the average number in tnis
uﬁ class during the year.
3" 2. Let, m = the central attrition rate.
kﬁ 3. Llet, S* = Average numlker in a category during the
%; year.
EE 4. Let, L* = Numker of leavers during the year who were
‘A' in this category when they lert.
S 5. Then, m = L% s S*.
3
e+,
2o
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6. Each individual in the <category is subject to the
probability (mdx) of leaving in each interval
(x,x+dx). [Ref. 1: p. 25]

Under these assuaprtions the number of losses would be
distributed Poisson (S*m). The estimated standard Jjeviation
of the central attrition rate would be: [Ref. 1: p. 25]

sd(m) = @ / sqrt (L*)

D. MNARINE CORPS OFFICER CENTRAL ATTRITION BRATES

Scme empirical attrition rates are provided for the
purpcse of familiarization. First are macro (large aggre-
gate) examples and proceed progressively to more refined
categcrized examples. An example of the estimated central
attrition rates and their estimated standard deviations are
provided in Table VII. The average inventory over the seven
year period is alsc provided in Table VII in order to
illustrate the number of officers within each MOS.

The rates in Table VII are an aggredgation of all grades
withip a Military Occupational Specialty (MOS) and all loss
types. The time period includes all seven years cf inven-
tory counts and the losses for «rfiscal years 1977 to 1932.
The central attrition rate was calculated as follows:

1. Let, t = 1...6, covering yeacrs 1977...1982.

2. Let, Y(t) = Number of lcsses in year t.

3. 1Let, INV(t)

4. Let, N(t)
begimning inventory in year t and t+1 and couputing
their average: (INV (t) ¢INV (t+1)) /2.

5. Let, m = Sum of all Y(t) divided by sum of all N (t).

The central attrition for each Military Occupatioaal

Inventory in the beginning of year t.

Average inventory in year t, using the

Specialty is illustrated for the length of service period
from 0 to 30 in Appendix A, in Figures A.1 toa.10. Tnese
figures illustrate tne aggregate central attrition rate ror

38
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1977 to

the six years from
These fiqures demonstrate the treakpoints and discon-

types of lcsses over

all eight

1982.

One can very easily note the increased rates wnich

tinuities within each MOS over the distribution of length of

service.
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occur at certain years of length of service. The increased
rates frequeatly occur at the four, 20, and 30 years of
length of service. The central attrition rate for each 40S
is 1illustrated for the grades from Warrant Officer to
Colonel (labelled 0...9 on the abscissa) in Appendix A, 1in
Figures A.11 to A.20. These figqures also illustrate the
aggregate central attrition rate for all eight types of
losses over the same six years.

The central attrition rate for each fiscal year agyre-
gated cver all categories is provided in Table VIII and
illustrated in Figure 4. 1. The trend is stable for the
first three years and a decreasing trend is evidenced in the
last three years.

TABLE VIII
USMC OFFICER LOSS BATES PER FISCAL YEAR

[ 1977 1978 1978 1980 1981 1982
<1133 1137 .1136 .1612 .0928 .0781

Table IX is provided in order to gain an apgireciation of
the numker of losses within each 1loss type. This tatle
includes tke number of losses for each fiscal year 1977
through 1983 aggregated over all grades, LOS, and MUS. This
table also 1identifies the loss types. One can note the

large numper of 1losses throughout the seven years in tyges

two, four, and six. Additionaliy, atter reackinj a total
higu in 1978, the general trend is a decreasing number of
losses.




USMC OFFICER LOSS RATES PER FISCAL YEAR

0.08

LOSS RATE

0.04

1977 1978 1979 1980 1981 1982
FISCAL YEARS

Fiqure 4.1 USMC Officer Loss Rates Per Fiscal Year.

The central attrition rates tor this level or aygregation
for fiscal years 1977 through 1982 are iltustratea in Tawole
X.

The certral attrition rates for €ach Military
Occupaticnal Specialty (40S) and ror each rtiscal year 1977
through 1982 1s providec in Tauvle XI. These rLates are
agygregated over all lcss types. [Ihese rates are gragpiically
illustrated in Appendix A, in Figures A.21 to A.Zb. OUhe can

observe tiue chanje of ruates OvVeEr time ror each YUS. It can
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TABLE IX
LOSSES PER PISCAL YEAR BY LOSS TYPE
LOSS
TYPE 1977 1978 1979 1980 1981 1982 1983 TOTAL
11 118 90 109 40 24 37 35 453
12 675 701 681 594 531 524 362 4068
13 32 42 38 39 34 22 27 234
L4 364 515 536 572 532 431 317 3267
15 1 1 0 0 1 0 0 3
L6 894 772 750 595 522 406 436 4375
17 15 27 17 2 3 2 10 7o
18 52 <0 39 35 43 30 41 290
TCTAL 2151 2168 2170 1877 1690 1452 1228 12766 }
|
LCSS TYPES
L1: Voluntary Resignation
L2: Voluntary Retifement
L3: Involuntary - Death
L4: Involuntary Discharge
L5: Involuntary Disability
Lo: Release trom Active Duty
L7: LCisapility Retiremernt
L8: 1Involuntary hetireaent
4

be noted with interest thnat the MOS*'s witn larger invento-
ries (refer to Table VII for the average dinventory witsnin
each MCS) do npot change as much over time as the MCS's with
smaller inventories. For example, the infantry ¥0S 03 has
the second largest i1inventory ccunt. The range of the rates
over time fluctuate from a low of 0.070 to a high of 0.106
giving a rarde of 0.036. Tne logistic M0S Q4, on the otuer
nand, has a @much smalier inventory count and the rates over
time fluctuvate from a low of 0.04Y%Y to a high of 0.22, giviag
a range of G.171. In cther words, the total inventory count

1n a category aas a derinite efrect on the change cI rates

over tiuge.
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TABLE X
CENTRAL ATTRITION BATE PER FISCAL YEAR BY LOSS TYPE

LOSS
TYPE 1977 1578 1879 1980 131 1982

L1 .006 .005 .006 .002 .001 .002

L2 .030 .036 .035 .0317 .028 .Q28

L3 .002 .002 .002 .002 .002 .001

L4 .019 .027 .028 .030 .028 .023

L5 .000 .000 .000 .000 .000 .0Q00

L6 047 .040 .039 .031 .027 .C22

L7 .00% .001 .001 .990 .000 .0Q00 J
L8 -003 .003 .002 .002 .002 .002

The change in the rates are also arfected Ly the level
of disaggregation. The centrai attrition rates for the
major Military Occupational Specialty dgroups (Aviation,
Compat Support, Ground Combat and total) are iisted in Table
XII. These major groups are illustrated in Apfpendix A, 1ir
Figures A.29, A.30, A.3%1, and A.32. The rates demcnstrate
the aggregation over all types of losses. For brevity tae
illustrations were -limited to the grades of Second
Lieutenant to Lieutenant Colonel.

A further disaggregation is listed in Takle XIII and
illustrated in Figure 4.2. These rates demcnstrate the
aggregation within the Combat Support group over all lengths

of service (LOS) for the voluntary retirements (type 2 loss)

for the grades of First Lieutenant, Captain, Major and
Lieutenant Colonel. A common ouservation within this loss
type is the increased rate as tane grade increases. Tals

pheactenon also corresponds to the 1ncreased rate of
attrition in the larger LOS categories.

Another level of disaggregation orf the Ccmbat Support
group is listed in Takle XIV and iilustrated in Figure 4.3.

These rates demonstrate the aggregation within tae Motor
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TABLE XIII

COMBAT SUPPORT GROUP VOL. RET. éLOSS TYPE 2)
CENTBRAL ATTRITION RATES

GRADE 1977 1978 1979 1980 1981 1982
1LT .004 .005 .0Q00 .004 .002 .004
CAPT 031 .017 .023 .017 .021 .010
MAJ <103 .105 .092 .113 .090 .Q68
LTCOL .122 .178 .114 .47 .145 .114

elements within a cell. This is particularly evideat when
disaggregation is within a sparsely populated MOS and the
desired rate is at a garticular grade, LO0S, and loss type
combination.
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V. JAMES-STEIN TECHNIQUES AND VALIDATION PROCEDURES

A. BACKGROUND

The first tasic fprocess in statistics is the simple act
of counting and the second most basic process is averaginge.
One use of observed averages is to predict or estimate unob-
served quantities. For example, a baseball player who gets
eight hits in 25 times at bat is said to have a .320 Lkatting
average, which is the ratio of 8 to 25. In computing this
statistic ar estimate is formed of the player's true batting
apility in terms of his observed average rate of success at
the plate. A common reply to the inguiry regardiing tais
basekall player's next 100 times to bat would be that he
would probably get 32 more hits. 1In traditional statistical
theory, &ro other estimation rule is uniformly Letter than
the okLserved average. The attrition in cells is modeled as
a set of Bernoulli trials whose number is the inventory of
that cell. The process of choosing leavers is viewed as
independent from individual to individual. A convient
anology might be that of a baseball players batting average
in whick each time at bat is viewed as an indepenaent
Bernculli trial.

Using tue above Bernoulli (Binomial) model, the rates
(or batting averayes) are the Maximum Likelihood estimators
of the Bernoulli parameter. The maximum likelihood proce-
dure examines the 1likelihood function of the sample values
and takes as the estimates of tne unknown parameters tanose
values that maximize the 1likelihood function [Ref. 4: p.
363 J. These estimates are c¢ptimal (in vfparticular admis-
Sible) if we are talking akout one <cell (or one ball
player) . But it 1is no longer true if we are dealiny witn
three or more cells (cr ball players).
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}‘\n
e .
g Charles Stein [Ref. 5] showed in 1955 that it is
;:@ possiktle to make a uniform improveament on the maximum like-
\‘-

2

lihood estimator (MLE) in terms of total squared error risk
) when estimating several means from independent normal popu-
Zij lations. 1In 1961, James and Stein [Ref. 6] presented to the

ﬁﬁ. Berkeley Symposium an estimator which shrinks the maximum
5;; likelihocd estimator toward the origin, and can improve
':1 (i.e. lowver risk) on the maximum likelihood estimator quite
;1: substantially provided there are three or more cell. To
:j& continue the baseball example, if one considers three or
;fﬁ more Lkaseball players and desires to predict future batting
. averages for each of them, then there is a procedure that is
?;. better than simply extrapolating from the separate averages.

W Efron and Morris [Ref. 7] demonstrated an application of the
Stein rule and its generalizations applied to predict pase-

- ball averages, .to estimate toxomosis prevalence rates, aad
e to estimate the exact size of Fearson's chi-sguare test with
it . . .

N results from a computer simulation. The result oI these

applications was a mean square error of the Stein rule beirng

5 less than nalf of that when one uses the individual
L . . .

- empirical averages.

LS

\"'.h-

The first step in applying Stein's method 1is to deter-
mine the average of the averages. This grand average or

ﬁf; grand mean must lie between 0 and 1. The essential process
)é in Stein's method 1is the "shrinking" of all the indiviaual
2:7 averages toward this grand mean. When the Stein's method is
‘iﬁ applied to attrition rates, the results are as follows.

o 1. 1If an aggregated rate is nigher than the grand mean
25 then it will be reduced.

iij 2. If ar aggregated rate is lower than the g¢rand mean
- then it will be increased.

‘mi Figure 5.1 is a simple illustration of this ‘"shrinkiug"
‘EA concefpt utilizing fictitious values for the empiricail
:yﬁ values. 1In this simple illustration the effective shrinkage
o is 25 percent.
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B. JANES-STEIN ESTIMATOR

The James-Stein estimator for each desired cell is found
through the following equation.

1. Let Y*¥ = the grand mean.

2. Let m = sample attrition rate for each cell.

3. Then, p = YI¥ + c(m-Y¥), for a specialized value of
e, is the James-Stein estimator.

See Appendix B, for the James-Stein estimation algo~-
rithm. See Appendix C, for more mathematical details on the
equation used for the James-Stein estimator. The amount
(n-Y*) 1is the amount by which the sample attrition rate
differs from the grand mean of the desired cells. The equa-
tion thus states that the James-Stein estimator "p" difiers
from tne grand mean by this same quantity (m-Y*) multiplied
by a coefficient, Wen The coefficient. Mcw jis the
“shrinking zfactor"® used in the James~Stein estimation
process. If vc" was equal to 1, then the resultant
James-Stein estimator for a given cell would be identical to
the celi's sample attrition rate. In otker words, p=m.
Stein's theorem [Ref. 6] states that the shrinking factor is
always less than 1. Its actual value is determined by tae
collection of all observed attrition rates.

As an example, if the shrinking factor %“c" was equal to
.3, then each attriticn rate will shrink about 70 percent of
the distance to the grand mean. Three examples follow:

1. Assume the sample attrition rate was .10, the grand
mean was .05, and "c" equal to 3. Then
p=.05+.3(.10-.05). Tue result is .065. By Steirn's
theorem, the attrition rate is best estimated by .065
rather than the historical sample attrition rate.
Shrinkage was dcwn toward the grand mean.

2. Assume the sanmple attrition rate was .50, the grand

mean was .05, andg "c" egual to «3. Then




N p=.05+.3(.50-.05). The result is .185. The esti-
_H mator is smaller than the sample attrition rate.
b %)

\ﬁ Shrinkage was dcwn toward the grand mean.

] 3. Assume tne sample attrition rate was .05, the grand
.t mean was .10, and "cv equal to .7. TLen

- p=.104.7(.05-.10). The result is .065. Shrinkage
N was up toward the grand mean.
' There are several expressions for the James-Stein esti-
§I mator, kut all of them have in common a shrinking factor
’E neu without exhibiting any of the various formulas rfor
gﬁ heo, the following is a description of their general
. behavior. See Table XV for the James-Stein formula utilized
ﬁé in this project. See Appendix C for further background and
B formulas.
N Let "K" be the number of unknown means; let sigma be the
? within population standard deviation; and let SSB be tne sum
. of square of cell means wmeasured from the graad mean.
pf Holding sigma and "K" constant in the formula for "c", the
o shrinking tactor is affected by SSB. The shrinkigpg factor
o "c" becomes smaller as SSB gets smaller. The predicted
ﬁ means are more affected ny this condition ana the resultant
fg‘ mean is closer to the graad mean. On the other hand, as SSB
;f increases, #c" increases and the shrinkage is less drastic.
oy In effect the James-Stein procedure makes a preliminary
f: estimate that all the unobservable wmeans are near the grand
ﬁz mean. If the data supports the condition wherein the sample
2 means are not too far from tne grand mean, then the esti-
;{ mates are all snrunk further toward tne grand mean. If tkis
%ﬁ condition is contradicted, then the shrinking is mianiaal.
;;ﬁ The distribution of the sample means around the grand mean
'S{ effects tne shripnking factor. The number of means being
'3 estimated also influences the shrinking factor. I "K" is
ﬁ; rather large, the shrinking to the grand mean maybe azore
Ei drastic. [Ref. 8: p. 123])
\.f
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D FOBMULAS
Let N {t) - inventory at the heginming of fiscal vear (¢ | T}
Let. y - number of attritions at any tune during vear
Let. n = maxumum  y . O5{N(2) « N{t-1))
MAXIMUM LIKELIHOOD
m - L
n
MINIMAX
p ~__l._ _y . l)
(1-~mn) ~n 2

JAMES-STEIN

The following steps are utilized 1o generate James-Stein atiriion rates.

STEP 11 Use a variance stabalizing transform {Freeman - Tukey).

(n - .5) G 1 2y Ce 1 My o 1
T (Sin (—("‘” 1) - Sin (————(n‘” 1]

STEP 20 Form the cell means, the grand mean. SSB. and SSE

Let, X cell mmeans
Pev. grand mean
Let, A number of treatment cells

STEP & Compute the set of James-Stein estimators in the transformed scale

TIK 3) S8
KT 1) 2 s34

I T . ((\ - \—]
STEE 4 Invert the transform to produce the atermon races "

ro= -'—U + .‘blh{‘-—,_":—l1

- Vo

.
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Which set of values, "m" or "p", is the better indicator
of the attrition rate? In order to answer that question one
would have to know the true attrition rate. This true
average shall be designated with "TH" in the main text of
this rpaper and by the Greek letter theta in the Appendices.
It 1s the ©probability that an officer would leave any tine
and is actually an unknowable quantity. Although "THY is
unooservable, an afpproximation can be mnade utilizing
histcrical data.

One method of evaluating the two estimates, i.e., the
James~Stein estimatcr and the okserved attrition rate a, 1is
by simply counting their closeness to Y“TH". Consider the
closer the estimator is to "IH" as a success and the fartiner
from “TH"® as a failure. The number of successes oL ole
estimator could then re compared to the numober oOf successes
of the cther estimator.

A more quantitative method of comparing the two esti-
mates is through the total squared error estimation. inis
is weasured by first determining the actual error of each
predicticn , given by (TH-m) and (Td-p) for each cell. Zach
of these quantities is then squared and the squared values
are added up. The observed averages "m" would have a totail
squared error denoted by Em, whereas the squared error of

the James-Stein estimators would be denoted by Ejse.

Comparing Em arnd £Ejs by the ratio R=Em/Ejs, then the
James-Stein method is "R" times as accurate as the crserved
attrition rate "n".

Employing the 1ideas borrowed from statistical decision
theory, the estimators can be compared through a risk fanc-
tion. The risk function of a decision rule is the expected
loss (over the sample) incurred using the decision rule
[Ref. 9: p. 8]. The above techniyues are similar to tne

syuared-error loss method [ Ref. 9: p. 9].
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Therefore, the risk function is the expected value of

the squared error for every possible value of "TH". Stein's
theorem is concerned with estimation of several unknown
means [Ref. 7]. No relation between the means need be
assumed and indeed are assumed to be independent of one
another. The historical development of statistical taeory
from Gauss through decision theory argues that the average
is an admissible estimator as long as there 1s Jjust one or
two means tc be estiamated. An estimator for a parameter is
admissitle if, according to a specified <critericn, taere
exists nc other estimator thnat is better than it for all
possitle values of the parameter. Stein ik coliatoration
with Janes showed that when the number of means exceeds two
that estimating each cf the means by their own average 1is an
inadmissikle procedure. No matter what the values of true
mean, there are estimation rules with smaller total risk
[Ref. 6].

The risk function for the James-Stein estimator is less
than the risk functicn for the sample means irrespective
what the true values of the means "TH" happen to te. The
reduction of risk can be substantial, particularly wher the
number of means 1s relatively iarge. Tae risk of the
James-Stein estimator is smallest when all the true means
WTHY are equal. As the +true means increase in variation
fror one another the risk of +the estimator increases,
approacaing the value of the observed averages Lut never
quite equaling it. The James=-Stein estimator does supstan-
tiaily tetter than the averages only irf the true means lie

near each otaer. The James-Stein estimator does at least

margJyinally tetter no matter what tane true meaus are [Ref. 8:
p. 124].




C. OTHER JAMES-STEIN MODELS

The model for the James-Stein estimator used thus far
shrinks the observed averages to the grand wmean. This is
not the only possible procedure. Other models for the esti-
mator dispense with the grand mean entirely. The observed
attrition rates do not depend on a choice of origin. Berfore
Stein discovered his method it was generaliy accepted that
such Minvariant" estimators Bust be preferable to tnose
whose predictions change with each choice of an origin. It
the origin or zero is chosen as the grand mean then the
terms containing the grand mean would be removed froa thae
equation. In this case the James-Stein estimator would be
p=c (m). The estimation process is now complicated by the
fact that the shrinking factor "c" would be dififereat for
each cell. Thke shrinking factor 1is dependent on the stan-
dard deviation of the sample attrition rates. A large stan-
dard deviation implies a high degree of randcaness or
uncertainty in the sample data. If the sample attrition is
largye, it can be attributed to random fluctuations rather
than to an actual large value c¢f the true mean “TH". Taus,
application of a small shrinking factor would reduce the
value. [Ref. 7: pp. 123-4]

There 1is one purpose for which the aeasured saaple
attrition rate may well ke superior to the Jamnes-Stein esti-
mator: when a single cell is considered in isolation. The
James-5tein method gives better estimates for a majority oif
cells and it reduces the total error of estimation ror tae
sum of all tone «cells. Estimating the true mean for an
isolated cell Ly Stein's method <creates serious errors when
that mean has an atypical value. The reduction of the risk
is more predomihkant in a nomogeheous setting. 1The inclusion
of an atypical or ncnahomogen€ous mean in the estimation
process would increase the risk.
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1. Bayesian versus James-Stein

——— s e e~ - ———

The formula <for the James-Stein is siamilar to the
Bayesian equation of Z=m+C(y-m). Here "“y" is the sarple
mean, "p" is the mean of the prior distribution. The
sarinking factor “C% is different in that it depernds on the
standard deviation of the prior distribution. (Ref. 9: pp.
99-110]

The James-Stein procedure, however, has che impor-
tant advantage over the pure Bayesian nethod. The
James-Stein estimator can be employed without knowledge of
the pricr distributicn. Tne James-Stein estimator can pe
regarded as an empirical Bayes rule. The empirical Bayes
approcach uses historical data to estimate the prior
distritution [Ref. 9: p. 117].

2. Modifications to the James=Stein Process

The James-Stein estimation process can be modified
using the Efron-Morris limited translation version of tae
estimator [Ref. 10). This modification ensures that tae
estimator of "TH" is not shifted so far from the sample nmear
tnat the estimator is inconsistent witkh the sample mearn.
The @modification is a compromise between the James-3Stein
estimator and the Maximum Likelihood Estimatcr which Las
good individual properties. The compromise would follow the
James-Steir rule as closely as possible subject to a fixed
constraint cc now far the estimator is allowea to deviate
from the MLE. Such "limited translation westimators" were
discussed in a Bayesian framework im the Efrcmn-Morris
article [ERef. 11]. They showed that it is possible to
consideravly reduce the maximum possible risk for any compo-
nent wnile reducing the ensemble savings of the James-Stein

estimator Ly as little as 5 or 10 percent ({Ref. 10].
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D. VALIDATION TESTS

ii A validation test was conducted to evaluate the erffi-
ﬁf ciency of tae James-Stein shrinkage estimator. The test was
T conducted as follows:

»i 1. Select a grade within an Occupational Group to
jﬁf examine. The resultant desired data array will be
i three dimensional (years, LOS, MOS).

'H 2. Let "i" stand for LOS, then i=0,...,30.

?ﬁ 3. Let "j" stand for HOS, (then values of j's deperd on
E% which MOS group is being analized).

> 4. Let Dij = Incidence Matrix of nonstructural zeroes,
o which is the same for all years. Dij = 1, if cell is
'if member orf the feasible reqion; Dij = 0, otherwise.

iﬁ 5. i€t K = number of feasitle cells, i.e., sum of all
L Dij.

-fi 6. Let Yij = number of leavers in cell (i,J).

%} 7. let t = 1,...,1; where T = number of years of data
&. used to create the estimator.

L 8. Let  Nij = Inventory  in  cell (i,9) =
._:. Max ((N(t)+N(t+1))/2,Y(t)).

i- The validation procedures used t=1...4 to compute the empir-
'i ical estimates and used t=5,6 for validaticmn [furposes.
ES Three estimation methods were employed: James-Stei1in,
o Minimax, ana Maximum likelihcod.

“'-.

J '-2; 1. Preliminary Steps:

bﬁ The following steps were utilized to prepare the
ii data for the validaticn procedures. These steps included
e the transformation of the given data of leavers and computed
'ii inventory according to the variance stabilizing arc sine
;; transformation listed in Table XV. See Appendix D, Figure
'ﬁ: D.18 for tne APL listinjys of the following functions.
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o o let ISij(t) = Yij(t) BINPREP Nij(t), where "BINPREP"
T prepares the Freeman-Tukey version of the arc sine
Wy transformation fcr binomial data.

e Jet T = 4, yvyears of data desired.

e lLet Jij = Dij JAMES ISij(t), where "JAMESY" returns a
James-Stein estimator for the means of the cells in the

50 last two dimensicns of "IS" while being screened by the
incidence matrix “D" of nonstructural zeroes.

e let Pij = Jij BINCONV Nij(t), where "BINCONV" inverts
the arc sine transformation used in preliminary step
cne.

2. Validation Procedures:

s
~

The following procedures were utilized to validate

-

. 7 i . Y <.
LT PRl Sl S A
. . . t 3 ’ T
L Vs n‘i‘h e a Il

the effectiveness of the the James-Stein estimation process.
o Let Is*ij = 1ISij(T+1), waich is assumed to be
distributed Normal(Jij,unknown variance).

- e Iet NOR = 1IS*ij - Jij, where Jij was derived 1in
5 preliminary step three.

o e [se the distribution fitting capapility of GRAFSTAI or
\%: ) any other comparable graphical display package, to
%i compare NOR to the Normal distribution. Desired output

is a comparison nistogram of the data to a fitted
Normal density, compare sample distribution to fitted

o ‘ Normal distribution, normal probability -0 plot with
ﬁﬁ data, and possibly the survivability curve fit. These
?ﬁ flots can all be plotted on one shneet of output.

RS e Compute test statistics comparing data fitted to a
‘Ef Normal distribution.

is e Compute the figqure of merit from the test statistics
;? using tke sum of the square of the sampie mean and the
oy square of the sasple standard deviation.

A

i °

o

¢

fﬁ

:’{“{‘:&“; g T A e D) R S e N e N TR Y M D T




3.. Mipnimax Estimator

The following procedures were utilized tc compare
the James-Stein estimator to the Minimax estimator. See
Table XV for the formula for the Minimax estimatcr. An
simple example of the possible vaiues resulting from the use
of this formula is provided in Table XVI, to illustrate the
shrinkage characteristics inherent inm its use for the
purpose of projecting rates which bhave extreme empirical
values.

TABLE IXVI
MINIMAX EXAMPLE VALUES

MINIMAX
LEAVERS INVENTORY ESTIMATE
0 0 50
0 1 «25
1 1 «15
0 4 <11
1 4 «33

See Arpendix D, Figure D.19 for the APL listings of tais
function.
e Iet PMMij = Yij(t) MINMAX Nij(t), where “MINJiAX"
returns the MINMAX estimates for the biaomial.
¢ let IS4 = Nij ARCSIN PMMij, where "ARCSIN" returns tae
inverse sine transformation for use when the success

Frobability PMMij is estimated directly (e.g., by
MINMAX) .
e let NOERMM = IS* - 1ISHM, where 1S* is from validation

frocedures step cne.




any other comparable
compare NORMM to the Normal

validation procedure three.

ﬂ;ﬁ e Compute test statistics comparing data fitted to a
iﬁi Normal distribution.
E:% e Compute the figure of merit from the test statistics
'T‘ using the sum of the square of the sample mean and the
:i? square of the samfle standard deviation.
Sﬁ 4. Maximum Likelihood
" The natural empirical estimator without shrinkage is
E& the Maximum Likelihood estimator. Comparison of the
if James-Stein process to the Maximum Likelihood process will
‘ﬂ? illustrate the efficiency of tne James-Stein estimation
It process.
ﬁ: e Iet ¥ = sum of ¥Yij(t) for t=1 to T. Where T = 4.
:2? e Iet N = sum of Nij(t) for t=1 to T. Where T = 4.
K1 e let ISAij = Y BINPREP N.

. o Let NORA = IS* - ISAij, where IS* is from the valida-

ticn procedures step one.
Use the distribution fitting

f). any otaner comparanle graphical display package, to
uc‘ compare NORA to the Normal distribution similar to the
Eiﬁ validation procedure three. |

ﬁ; e Compute test statistics comparing data titted to a
“;ﬁ Normal distribution.

e e Compute the figure of merit from the test statistics
?ﬁ using the sum of the square of the sample mean and the
3& square of the sawmfle standard deviation.

e
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o Use the distribution fitting
graphical
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E. DATA ANALYSIS

A data analysis was conducted utilizing the taree
comparison mentioned above.

1. 1The James-Stein Estimator

s c—— ——— A — ———— —— ——

Four years of data (1977-1980) was used to comnstruct
the James-Stein estimator. The leavers and inventory were
transformed with the Preeman-Tukey transformation. The
projected year's (1981-1983) leavers and inventory were
constructed and also transformed wita the Freeman-Tukey
transformation. The difference between the James-Stein
estimator and the f[frojected years data was plotted to
compare the rit to a Normal distribution. The figure of
merit (FoOH) was coamputed frcm the inputs taken .from the
statistical table.

FOM= (squared mean) + (variance).

Table XVII illustrates the results of the computa-
tion ¢f the James-Stein, Minimax, and Maximum Likelihood
FoM's. The data organization format of the table is
provided for ease of interpretation of the table. The takble
demonstates the calculation of the FOM for the years 1481,
1982, and 1983. 1The separate cases evaluated are identified
by rous which represent the grades of First Lieutenant and
Lieutenant Colonel in each of the four MOS groups utilized
in this project. .

2. 1Ihe Minimax Es

ipator

The leavers and inventory of tae fcur years
(1977-1980) were used to construct a minimax estimator. See
Table XV for the formula utilized to derive this estimator.
The result was compared to the fit oi the Normal distriou-
tion in a similar manner as discussed above. The FOM was

bl
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computed as shown abcve and further illustrated in Table
XVII.

3. Maximum Likelihood

The last comparison was using tke leavers and inven-
tory of the four years (1977-1980) and only using thae
Freeman-Tukey transformation. The result is the Maximum
Likelehcod estimator in the transformed space. The algo-
rithm is the same as James-Stein estimator described above,
only the James-Stein calculation is by-passed. The
projected years data was used to compare the resultant
difference with the f£it to the Normal. The FOM wvwas computed
as shcwn above and further illustrated in Table XVII.

4. Figqure of Merijt

The figure of merit is representative of the effi-
ciency of the estimator. Since the FOM is computed in the
transformed and Normalized scale, the smaller the FOM, the
petter the estimate. The ratios illustrated in c¢ocluans 3
and 5 of Table XVII illustrate (in aost cases) how uwany
times larger the other estimating technigue's FOM 1is when
compared to the James~Stein estimator technigue. One can
note that in one case the use of the James-5Stein estimator
technique resulted in an improvement of as auch as 30 tires
over the Maxiaum Likelihood process and 22 times over the
Mirnimax fprocess. These results are typical orf other cases
executed by the author, but not shown for reduandancy sake.

F. ALCDITIONAL CONPARISONS

The above risk ccmparisons were all perrformed in the
transformed (Freeman-Tukey) space. Since this distorts the
scale it secms wise to perfora some additional comparisons

(sua o0i squares error) in the original (untransformed)

65
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f TABLE XVII
FIGURE OF MERIT COMPARISONS

%

[y
»

*3ke%xk%kkkkx DATA ORGANIZATION FORMAT kK kkkkk kX% /
*%%x COLUMN L 2 2 ) * k¥ REMARK *x%k ¥

[ RS S

JAMES FOM of data using James-Stein
MAXLIKE FOM of Maximum Likelihood
, MAXLIKE/JAMES Ratio of Maxlike divided by James
: MINIMAX FOM_ of data using Mipimax
L MINIMAX/JAMES Ratio of Minimax divided by James
\ %% KOW kk *x%k REMAKK #*%*
. 1 1ST LT in Aviation ‘
‘ 2 1ST LT in Combat Service Support
3 1ST 1T in Combat Support
. 4 1ST LT in Ground Combat J
' 5 LTCOL in Aviation .
v 6 LTCOL in Combat Service Support
- 7 LTCOL in Combat Supgort
; 8 LTCOL in Ground Combat
LR id IHESE ARE THE FIGURES OF MERIT FOR 1981 _  **xx
MAXLIKE/ MINIMAX/
, RCW JAMES MAXLIKE JAMES MINIMAX JAMES
¥ 1 1.69 51.47 30.46 37.68 <2430
‘4 2 0.71 1.60 2.25 0.78 1.10
\ 3 1. 20 3.69 3.08 2.10 1.75
4 1. 19 5.47 4.59 3.81 3.20
! s 3.05 13. 64 4.47 8.92 2.92
é 0.22 0.“‘ 1091 0023 1.05
> 7 0.31 2.34 7.55 1.16 3.74
! g 0.79 6. 81 8.62 3.73 4.72
. * % % THESE ARE THE FIGURES OF MERIT FGR 1982  ***%
, MAXLIKE/ MINIMAX/ |
RCHW JAMES MAXLIKE JAMES MININAX JAMES
|
" ! “.37 “7.05 19. 77 3“.29 7-85
r. < 0.75 1.55 2.07 0.76 1.01
. 3 1.53 3. 71 2.42 2.19 1.43
. 4 1.89 5.84 3.09 4.21 2.23
- g 5.80 17. 28 2.98 13.08 2.20
& € 0.23 0.54 2435 0.33 1.43
" 7 0-59 2.60 “.“1 1.“3 2-“2
; € 1.13 8.34 7.38 4.92 4.35
k% THESE ARE THZ FIGURES OF MERIT FOR 1983 **x%xx
MAXLIKE/ AINIMAK/
ROW JAMES MAXLIKE JAMNES MINIMAX JAMES
4
K. 1 4.ol 43.16 9.28 30.65 6.63
! 2 0.91 1.64 1.80 0.8¢ 9.95
3 1.17 .67 3.4 2.92 1.73
) i 2.85 .07 1.99 4.21 148
W 5 5.“9 11.93 ;.17 8.4“ 1-5“
: € G.20 0.56 2.15 0.34 1.31
k. 8 1.57 8.55 5. 45 5.16 3.29
.
i 4
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)
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€s. Accordingly the deviations of the eampirical attri-
rates in the validation time frame from the estimates

(both James-Stein and Maximum Likelihood) are computed and

comnpared. Specifics follow:

The preliminary steps are as follovs:
Actual rates: empirical attrition rates are the central
attrition rates fcr the prcjected period.
James-Stein Projected rates: projected attritior rates
utilizing the James-Stein estimation process previously
defined.
let, MLE= Maximum Likelihood Estimates, the historical
empirical attrition rates are assumed to remain the
same throughout the projected period.
let, SEP= The squared differences Letween the
James-Stein projected attrition rates and the actual
rates.
let, SEM= The squared differences between the MLE and
the actual rates.
let, SSE(MLE)= Ihe sum of squared differences of SEM.
let, SSE(P) = The sum of squared differences of SEP.
let, SEP<SEM be the number of <cells for which SEP was
less than SEM. (For ccnvenience of column heading,
inequalities are allowed to represent nuabers.)
let, SEM<KSEP be the number of cells for which SEJ1 was
less than SEP.
POS Groups evaluated were: CS - Combat Support Group;
GC - Ground Coambat
FRanks evaluated were: 1T -~ First Lieutenant; ITCOL -
lieutenant Colonel

1. Subtest 1

First it was assumed that all cells in the feasiple

fegion were eligible fcr forecasting the projected attrition

rates. The results orf subtest 1 are illustrated in Table

LR
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XVIII. The sum of squared differences for the MLE and the
James-Stein projected 'rates fcr the first and 1last groups
are competitive. One has to keep 1in mind that the
Jame-Stein estimation process will result ip a value greater
than zero given a cell with an original value of zero.
Therefore, when ail the cells in the feasible region are
considered eligible fcr projection, the empirical values of
zero result in a value closer to the grand mean. The value
of the sums of the differences between the James-Stein esti-
mation process and the actual rates can be understandariy
larger than the sums of the differences between the MLZ and
the actual rates when there are numerous 2zero cells

originally in the feasible region.

TABLE XVIII

SUBTIEST 1
[
Feasitkle
GLCup Rank Cells SEP<SEM SENKSEP SSE(MLE) SSE(2)
Ccs LT 57 15 42 1.52 1.91
GC LT 57 22 35 0.33 3.99
CSs LTCOL 48 12 36 1.29 2.93
GC LTCOL 48 21 27 2.05 0.66

2. Supbtest 2

A second comparison assumed a conditioning that
considered only the cells in which there was an actual
attrition rate greater than zero. In other words, what was
the projected attriticn rate given an actual 1lcss uccured?
This created a subfeasinle region whicn was smaller than the

68
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whole feasible region. The results of subtest 2 are illus-
trated in Tapnle XIX. The sum cf squared differences for tae
James-Stein projected rates 1in this subtest are much lower
than the MLE.
TABLE XIX
SUBTEST 2 |
Sup-
Feasirtle
Grcufg kark Cells SEP<KSEM SEMCSEP SSE (MLE) SSE (P)
cs LT 26 15 11 1.52 0.27
GC LT 29 22 7 0.33 0.10
Ccs LTCOL 16 12 4 1.29 0. 14 |
GC LTCOL 28 21 7 2.05 0.12 }
|
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A. SUMMARY

The purpose of this study was to demonstrate the appli-
cation of the James-Stein and other shrinkage type parameter
estimatiocn schemes for the goal of generating manpower loss
rates within the USMC officer force structure. This thesis
contains comparisons of performance of James-S5tein, Miniusax,
and Maximum Likelihocd estimations of Marine Corps officer
attrition rates for select cell aggregates. The very large
nunber of cells within the USMC officer force structure
leads tc the cornditicn that empirical attrition rates are
unstatle. This problem is compounded by the fact that the
cell rrckabilities are small. Most rates are less than 10%
and virtual.y none are greater than 20% at disaggregated
levels. Further difficulties are present bacause some of
the inventory <cells are empty zfor structural reason walle
otners are empty by chance. Thererore, the smalil invexntory
cells draw especial attention. It has beern illustratea
withnin tris project tnat improvement c¢an be attaired by
application of the James-Stein and Minimax shrinkage methods
ratner than the more natural Maximum Likelihocd estimation
process. It is impcrtant to note that the James-Stein ana
Minimax shrinkage schemes seeli to compete for appropriate

attrition rate generationmn.

B. CCNCILUSIONS

The shrinkage schemes employea herein offer powerful and
useful methods for generating attrition rates. This eaploy-
pent should lead to much lower costs that accrue from errors
in manpower planning. However, tae particular way to

explcit them is yet tc pe determined.

¢
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S The application of the James-Stein shrinkage technique
.;Z nas exposed a number of problem areas which could be
expanded.

i ( The aggregation froblen. Aggregaticn of cells (cross
B classified Ly grade, Military Occupational Specialty, length
A of service, etc) intc sets whose attrition behavior is homo-
3#& geneous and of 1low internal variability should 1lead to the
most useful overall rerformance. One method, not attempted
L by the author, 1s to aggregate over MOS types in which the
grade structure is sirilar. For example, some M(CS's are
restricted to warrant officers only, warrant officers ana
limited duty officers only, unrestricted regular/reserve
N officers only, etc. Another method would te to aggregate

over certairn length of service periods. For example, 1-4

years of service, 5-10 years of service, 10-20 years of
service, and 21-30 years of service. Thus examining the
e attriticn rates in relationship to breakpoints and lcngevity
ol in the officer's career pattern.

" The limited translation prcblen. The shrinkage estima-
tors translate tne rates toward the aggregate mean. Suca
translations can appear to be excessive 1in instances of
extreme rates. This suggests that techniques that limit the
e tracslation could be profitably applied. <Current literature
q!;. contains 1limited translation methods wonich could be
ﬂ; examined.

o The yearly update problen. The estimated attrition
[ rates are based upon data from several recent years. As
g! eacti year froduces a new set oOf experiences there 1is need
‘4;; for a policy to include new data in the estimation scheme
L and phkase out the influence of the distant past.

“ The validation proplen. The smallness of the rates
b (L.e., 0-20%) pilaces the current project in a range waich
71'. nas nct yet been treated successfulliy in tne literature.
o For this reason it is especially important to afpgly cross
vaiidation procedures to score the erricacy ot the metnods.

71




The @multinomial estimaticn problen. The numker of
attritions in a cell are placed 1into a number of (currently
eight) disjoint categories. This produces a numker of small
sample size @nmultinomial probability estimation probleas.
Methodologies for managing such problems have attracted
attenticn in the recent literature. Their usefulness could
be further examined in regard to the officer attrition rate
estimaticn process

C. RECOMMENDATIONS

It is recommended that further studies pursue the prob-
lems identified above. It is suggested that a new data tape
be provided ¢to the Naval Postgraduate School which allows
the distinction between restricted and unrestricted orfi-
cers. Additionally, the data for fiscal years 1984 and 1985
needs to ke provided in the near future. In order to
provide cortinued service, a regularly scheduled yearly
updated data set should be forwarded to tne Naval
Postgraduate School when available.

______



APPENDIX A
CENTRAL ATTRITION BATE GRAPHICS

This appendix contains graphical illustrations of the
central attrition rate for USMC officers.

Figures A.1 to A.10 contain the central attrition rates
for each Military Occupational Specialty distributed over
the length of service period from 0 to 30. These rfigures
illustrate the aggregate central attrition rate for all
eight types of losses over the six years from 1977 to 1982.
These figures demonstrate the breakpoints wathin each 40S
over the distribution of length of service.

Figures A.11 to A.20 contain the central attrition rates
for each Military Occupational Speciaity distributed over
the grades from Warrant Officer to Colonel (lalkelled 0...9
on the akscissa). These figures also illustrate the aggre-
gate central attrition rate fecr all eighat types of losses
over the same six years.

Figures A.21 to A.28 contain the central attrition rates
for each Military Occupational sSpecialty distributed over

the years from 1977 to 1982. Each figure has rive HO0S
graphs and are distinguishacle by thke type of line and
syntol pcints for each separate 0S. These figures illus-

trate the aggregate central attrition rate fcr all eigat
types of losses over the six years from 1977 to 1982.

Figure A.29 contains the central attrition rates zor thae
Aviatior Group for the grades frcm Second Lieutenant througu
Lieutenant Colonel for tae years 1977 to 1982. Figure 1i.30
contains the central attrition rates for the Combat Support
Group for the grades from Second Lieutenant to lieutenant
Colonel ror the years 1977 to 19562. Figure A.31 contains
the central attrition rates for the Ground Comktat Group for

73
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the grades from Second Lieutenant to Lieutenant Colonel for
the years 1977 to 1982. Figure &TOTMOS contains the central
‘.,-ﬁ; attrition rates for the Total #0S's for the grades fromn
oy ' Second Lieutenant to Lieutenant Colonel for the years 1977
; to 19€&2.
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Attrition Rates by Year for MOS's 21 to 25.

Figure A.25
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Central Attrition Rates for the Aviation Group.
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APPENDIX B
JABES-STEIN ESTINATOR ALGORITHN

This appendix contains the detailed algorithm for the
James-Stein estimator of attrition rates for the USNC
officer force structure. The information provided includes:

e Assumptions.
e Notation.
» Steps to generate the James-Stein attrition rates.
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b
s
e
): “ Algorithm: James-Stein Estimator of Attrition Rates. USMC Officers.
N
Al
;‘t Segmentation: Hold each grade fixed and aggregate the MOS variable into four main cells.
. The four main cells are as follows:
b\ 1. Aviation
1:, 2. Ground Combat
1 3. Combat Support
o 4. Combat Service Support (all others)
f_ Notation:
“\-: Let J = the number of MOS cells in the chosen aggregate.
X Let I = the number of LOS cells in the chosen aggregate (usually 31).
X
3; Because the data is a combination of two types of data (central and transition) and because
& the inventory contains both structural and sampling zeroes, the following policies were adopted:
1. Let, INV,;(t) = inventory with LOS = i and MOS = ) at the beginning of vear t
3 (t=1....T)
i 2. Let. y,; (t) = number of attritions in cell (i,j) at any time during year t.
b 3. Let, n;;(t) = maximum 'y; (t), 0.5 (INV,;(t) + INV;; (t +1)) |
»
)
q The incidence matrix D identifies the cells with non zero inventory.
T Let, D,, = 0if n,,(t) = O for all t=1,...,T
S Let, D,, = 1 otherwise.
“
By - The following steps are utilized to generate James-Stein attrition rates.
L)
3 STEP 1: Use a variance stabalizing transform (Freeman - Tukey).
L .
: , 1.3 A (2, (£)) .
v, X, (t)= n,(t)- =] (05) (Sin"'-1~ ——_"
. ) ()= 317 (03) T Tm-n
. 2(y, (t) - 1
: C(Sin oy - (g, (1) = 1)
_ (m, () - 1)
-: STEP 2: Form the cell means and the grand mean.
R _ T
" X, = lTEX-‘: (t) For all {i.j} such that D,, = 1
&
~. _ 1 L
- ‘\. = —
- 2 Z
o 1
- Kk - 2 ED-J
=1, =1
:{ STEP 3: Form SSE, sum of squares error and SSB. sum of squares between by subtracting
_-% from SST, the total sum of squares
% SST - 2122 X,(t) X*D, .
3. = J = =
M. 108
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I 4T _
SSE = ¥ Y, BiX,(t) - X;;*D,

i=lj=1t=1
SSB = SST — SSE
STEP 4: Compute the set of James-Stein estimators in the transformed scale.
C=1- T(K-3) SSE
K(T-1)+2 SSB
X+C(X_'.','"'Y) ifD,','=l
p = unde f ined otherwise

STEP 5: Invert the transform to produce the attrition rates r,; .

r—l-[l - sin(-i + 0.5) ] x P 1

2 n, ’ f ——<— + =

2 n.‘j 2

) P 1

= ‘0 -1—2—- + —_

" if 2 n;, 2
1 if LS-——P + 1
2 n,<,~ 2

5
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APPENDIX C
PORMULAS AND PROOFS

This appendix contains various formulas and proofs for

A.
B.
Ce.
D.
E.
Fe
G.
H.

I.

the James-Stein process utilized throughout this research
project.

It is divided into eight sections as follows:
Simple Stochastic Model for Ceantral Data.
Supporting Distributions.

Distribution “y®

Non Central Chi Sgquare

Distribution of “W" and Expectation of 1/W
Lloss and Risk Functions

Evaluation of E(U/W)

Inverse Sine Transforn

Monthly Verses Yearly Rates
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A. SIMPLE STOCHASTIC MODEL FOR CENTRAL DATA

This section contains the nomenclature and characteristics of a simple stochastic model for
central data. It deals with the joint distribution of cell inventory and number of attritions.

4
.:. -~ The following nomenclature will be defined in this section as follows:
::‘ - N = Inventory during period, which is distributed Poisson ( A ) .
;::., ' Y = Number of losses. .
L "‘_ m = Central attrition rate = N
:.:J The conditional probability of losses given inventory is:
1:§ f(Y|N=n)=(;)ev(1-e)~-v y=0,.n

The joint probability function is:

v n
;E fm)=flngt)= (7)) or(1-@)r r ot A 0<y<n<o
A
{" Let
:c S et & 1
4 hly)=P Y=y = 3 [(ym)= OF (1- 6 )n-+ e
z T AT ’
*}I SpDeret s1-6)r "
R y! noy (n-y)
LA
Gty Letz = n -y
v oc _ 1z
ey 18
B y! ney z!
e _(re)y e
sy y'
‘--)- Therefore . Y is Poisson ({ A © ) . which is the marginal distribution.
4,,;".: Now. the estimated value for the central attrition rate is:
w
" ) . Y . 1 . -1
- . ~E = -EE(=— N)-E — N):E —AN©® - ©
h::__ E m E v E E|( S ) = E ‘\.E() ) = E X © e
X
J'\'». The conditional probability of inventory given losses is:
e P(N=n Y-y)=g(n y) L)
i-\,.: hiy)
va . : N
i (1) erir-arn oo 2
* - = 0~y n < x
v e 00 1O A
A= v ’ y!
'-h
Noa
) )
'; - 1 Cx-ex(1°6)"-" A"
o' (n -y ) AV
14\4.
,.,_'5 111
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e
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-,\(,_G,Lz\(l-e)""
(n -y )

= e

This is a shifted Poisson, therefore

N-yis Poisson ( A (1-"0) ) .
Characteristics of N - y are:
MEAN: EIN|Y=y|=EN-y+ylY =y]

EIN-y|Y=y]|+EY|Y =y]

A{1- 0 ) +y

VARIANCE: VariN| Y=y = Var([N-y|Y=yl= A (1- 0)

COVARIANCE: Cov (Y, NY=E'Y N -E'Y,EIN

EJE(Y NN, -(©6 a)(A)

EIN E(Y N)l- © A?

EN(N®) - © A?

0

EIN’©!- © A?

© (E(N) - A}

© (Var (N))
= 0 A

Cov (Y N)
SD(Y)SD(N)

e A
- N R N

CORRELATION: Cor =

=v 6

Therefore.

N = Inventory in a cell is distributed Poisson { A ) .
Y = Losses in a cell is distributed Poisson { © A )
Y N s distributed Binomial ( N. O ) .

© = Central attrition rate.

N Yisdistributed Y — Poisson { A (1 - © ) ) .
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e
R
:.'I" :
g
? \}:1‘: B. SUPPORTING DISTRIBUTIONS.
':‘,‘ . The following sections of this appendix contain a series of proofs to the following statements
based on the assumption: Y is distributed Normal (©,7) . where | is the Identity matrix.
'.':';:i‘ ’ i) U= |—|e-9-r—| is distributed Normal (1 | ©; : 1) .
)
*'% : e°'Ye e 00"
g ii) 2=Y.———— = Y- U——— is distributed Normal (0,] -——) .
ey o1 767 el
et See section C for the following statements:
et i) V=1|2||?is distributed xk_y) -
::x.: iv) W=UV =|]|Y]| 2.
H.}'&' PROOFS.
5 ' i) U is independent of all components of Z. In other words all Cov (U,Z) = 0. Proof is
e as follows.
4 Cov(U,Z) = Cov(U,¥ -—22—) = Cov(U,Y )~ —2— Cou(U,U)
o G el ]
a&“‘é Now. Cov (U.¥) = Cov(—&Y— vy —1__$ve.cov(y, ¥)= —O
L ’ ' el l1eli " |16}
Therefore, Cov (U ,Z) = — o - = e, — = 0. QED.
t i 16| i1
ﬁ' '_ ii) The distribution for Z is Normal and the parameters are shown as follows.
b
1538 K ©.Y.0.
Y Z, =Y -y ———
1 .;1\‘3 j=1 o - T
00’ . 666
Y E(Z) = E(Y)—-*7E(Y)=e—f—7=0
\3:, ‘ | . - N
N
;', E(ZZ ")-(EZ)(EZ)' = E(ZZ')-0= E(ZZ ') = Cov(Z.Z)
) ]
i
2 - Cov(y-—LO _ y__Ue
9 Cov(Z,Z)—Cot,(Y—l}ezl .Y Te )
e . ve re re re
:‘.' = Cov(Y.,Y)- Cov(T.Y)—Cov(Y.—-—e——)‘Cot'( —5 3 )
> ‘
\"‘ ]
:‘ ' Now Cov (V.Y ) = I. where I is the identity matrix since Y is distributed Normal (6./) .
:""" Also.
ey . 1'® e Ue re . . e re .
1\_-::{ Cor ( Py . Py ) - E( Y H o ) E( ) ). E(- o )
‘%::;{ E U'e ( Ue ) - 2] E(U) (3] E(l) -
:_! . e (_) 6 R ' ‘ 6 ( )
. 00 L
A
::;-ij - E(u})—28 00
T : e *
00"
i - (1 2
e = (1 e 9 Y 00
L) » '
' 'i‘
. L]
[ i, ]
N
Wk

D L]
n AR - R R R P A R CACAUL LTI PR ) - O T AN A T e R
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- 1+ o 2

., = 66 1
h F§2 ( e 2 )
Doan Y

- = 88’ (— +1-1)

‘hr.& '

o 8o’

B .o

{x 1ol ]?
B

A Since Cov ( Y,I'L;—) and Cov (l—'Ué?—[,Y) are transposes of each other and covari-
oxs !

'; ance matrices are symn'lemc. the result is as follows using a previous result for Cov (U,Y ).
) 'y

il ve _ 2] _ e e ..
;}4 ~2Cov (——g7—¥) = ~2——g7—Cov(U,Y) = 2l!e!l(‘iel!)
*":,v

s Therefore,

- 86’ e’ 80’

Ay ) . - = ] —
o Cort2 )= I g7 " TTer 7 T

'.' O ' | | i v l

and Z is distributed: Normal (0,/ -

=

TR R W R Ry e
"‘.'\-- ,.#
SO S

= ;
'l,
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C. DISTRIBUTION "V
This sectlon }s an continuation of section B and shows V = Z°Z = i " Z ? s distri- |
buted x5 _y = 2 Normal (0,1)2.

PROOFS.

iii) First, construct an orthonormal transformation P, where P is K by K dimensional and
P ‘P = |, where 1 is the identity matrix.

Let px * be the last row of P and be defined by

I
Px = TTer
Iipg | |2=

Note that this can be done because an orthonormal tranformation can always be completed.
Now let X = PZ and calculate

XK=PK'Z
:i GJZJ
,=o;'95.
1k ve,
= O (Y
o~ Lo Vi)
l K U K
= ] |[ 6,Y,- | ez
e | BoiYi-TTerT BeS
. 1 r.|e: '?
A - T
=0

Therefore Xy = 0 random variable. and the space is K-1 vice K dimensional. ‘

Next calculate

Cov (X ,X) = Cov(PZ.PZ)= E(P2)(PZ)’ |
= E(PZZ'P')= PE(2Z )P

e6-

P(Cor (Z.2)1)P° = P{I]- ?l/'
pp =22 b P e P
LA e ’
3 .
: Now.
'. . , 0 0
S Popxpe " P = o y|uun
“' Therefore,
l
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Cov(X.X) = ["‘0" g]

Since X = PZ impliesZ = P’X, and
V=(Z22)=(PX)(PX)=(X"PP' X)=X"X,

0 V has same distribution as | | X | | 2.
Then,

X 2 K-1 2
Vv=YXx’= YX;

j=0 =1

Therefore, V is distributed x(zx -1y

To show

i) W=UWV=.,Y|!2

Ue
Uz-i—V = Uz+.1 Yy - ————| 2
YT7er7!!
Ue Uve
- 2. - 4 ———
-V e e )
ve’'y Uve 0’6
- Uy Y- _y- &
U+ — o ] y]fef -v—l;e‘z

Ul-Y Y- U2- U 12

;,’:. y-l:z
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D. NON-CENTRAL CHI SQUARE

KX e This section considers the Non-Central Chi Square with n degrees of freedom. Letting
", . Yy, ..., Y. beiid Normal (0,1), then xy = 3¥,? with density:
“ “('_\; =]
').\:'. 2. -
w.:.:: f,,(u):Tl— u? ¢ ? 0<n <oo
B 2
SN 2Ir(=
o (2)
L
St But if the means are not all zero then the result is the Non-Central Chi Square random vari-
2 able.
: e i) With n=1 and letting Y be distributed Normal (©,1) and V = Y?, then the density
“‘. > of V is as follows.
) 1
3 1
dy d|lv?! 1 -3 1
2 _ = | — = = — L
VA0 visv y=wv gl dv 2" ™o
ATAS
b,
g o) = [y Vo) + fr(- Vo) o= 0<v <o
; .' { 1 _ _ 1 /T
(’ - 1 1 (e';!‘/'_ 9]z+c ;! Ve 9")
-, Nv V2x :
s
:-_\:\-:‘ 1 1 ( - %[w-?@\/: + 67 . - % fe +28Vs - Oz')
P = (] [
'.‘\-_:.: 2y V2x !
YL 3
’ . e? !
- I B c‘?;?(ee\/:”_e\.)
& N V21 ‘
[ 1
h: IUETS BTN S h(OV ) f
W SV ¢ Ve o T i
e . — |
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o~ \ i
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N
&
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B
W
d
P
s
:' L 2n is the constant for the central x%, ., density function.
o V2r (2n)! (=
1 ii) The case of general "n" can be managed by transforming all of the non-centrality into N
. the first variable. As before, V = Y ¥,2.
) i=1
. Let P be an orthonormal transformation (P P = I) and having the first column p, :
P = =)

: NI
3 .
3 Note that p,p, = HeTlelz = 1 and that an orthonormal transformation can always be
b completed.
L Then lee T=P Y
. and hence V=Y 'Y=T 'P°'PT=T'T=| | T} |?

and T,, ..., T, are independent (i.e., since T is a normal random vector, then one needs
y only compate the covariance matrix).
N Cov(T,T")= E(TT") - E(T)E(T ")
)
i Now for i=1
;. fuy - o’ e
T = : = e— Y) = —— - P .
E(T) = E(p ¥) = 757G E(Y) = ——¢ i ©]
! For i >1

E(T,-):E(p,'Y)zp,»'E(Y)=p,»'6: © :P.'Plzo

Hence E(T")=(! '©] :,0,...,0) and
1 E(TT’)= E(P'YY'P)= P'E{(YY")P
>' = P’[Cov(Y,Y")~ E(Y)E(Y "), P
: = P’ll + 00" P
» = PP+ P’'OO°P
: Using P'P =] and
@P=(i ©® 0,...,00= E(T")
: Hence.
. Cov (T.T')= 1~ E(T)E(T')- E(T)E(T") =1
‘
1 and independence follows. }

Since  E(T,)= 0 for & -1. it follows that the Non-Central 33 )(A) where .
. A 7 © ? is the convolution of )((";)(/\) and a Central 1% ;. This is treated in the
3
; next section.
.
.
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3 It
R
R
R
2w
Xy
.}:j‘ E. DISTRIBUTION of W and EXPECTATION of W™!
“.-" This section illustrates the characteristics of the distribution "W", which is the convolution
" of f,1(s) (non-central chi square) and the density of \'(";‘ )= fx 1(u) . Itis noted that Wisa
) ’ non-central chi square random variable with K degrees of freedom and non-centrality parameter
- A
D) *i" 0o
: fww)= [ fylw=v) fx1 (o) dv
(]
& ¥

n (’\) ,2n—l(w_v) fK-l (t’) dv

B
li
U M 8
] MS

&
P4
1

i P, ('\) J 2k (w)

s, n=0

P Desire to derive

v 1, 1 &
H Elgpl= [ % X P ) ok (w)dw
5. .
‘:‘ = PN [ Lk (w)dw
' n=0 0 w
'h i Let r = 2n -k
i L s s
o Now f,(w) = —=— v ¢ 7
e )
-I‘_
D) (=)
L3 Ll . % \ 1 o1 _%-'-%d
535! W Eo s (A) n —u e u
) n- o3
%ﬁ 2°T(Z)

Al
) Let u - — _ then du - 1 du
A 2 2
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i

X P —E—2T [uT et du
0

5 n=0 2t
2°T(—

::2!‘. (2,
X o < -1 -
2 = Y, P, (A) —,1—— 2? I‘("-.‘,—2)
O L
8 neo S
Y 2rig)
S rE -

™~ 00
', n=0 L-lI‘L_l
§ (3 -T -1)
\_"'f
\ ‘.'.; «

i = 2 P, () _1

o n=o (r-2)
'_33
-
a5t
' 4

n=0

e 1

1_-' - E A
i 2] - K -2

] Where J is distributed Poisson (A) . - N

-

>

w

N 1

_5 NOWmﬂ_]f()rK > 3.

: ," Therefore,
th-l ] l
) n‘; E — - E —— . | A 1]
Ny - — :
*:C: " 2J K 2
‘\‘,
o¥ 3
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t F. LOSS AND RISK FUNCTIONS i
I " This section evaluates the Loss and Risk functions. Considering the column vector Y. which |
is distributed Normal (©.]). these functions are as follows. J
i LOSS = L(a,®)= (a-©)(a~-©)"=  a-6 2?2
j‘ Risk is expected loss, and for the maximum likelihood estimator, a = Y and
'f':'j RISK = E|L(Y,©®)|=E(Y-©)' (Y-©)=E(] 1 Y-6||3=K
4 \ K
e Consider another function of Y. Use | | Y| 2= Y Y = Y Y;? which is distributed
" i=0
"5:.“ Non Central x(zh—). See section D for the properties of the Non Central Chi Square Distribution.
._&‘., The James-Stein estimator has structure:
)‘."\
A - , b
S Y)= 1-———— )Y
oY) == —773)
g
\‘._‘ It’s Risk function is derived as follows:
s
A b
\n-'r s = E ! — —————— - 2
R RISK = E|| [ (1-——5) Y- 01 |}
e,
L | bY
, <E, Y-8 —21 — |
e ‘ D
{.‘:,h
i . bY bY
Frin . = E(Y-0- —4m4Mm— )" (V-0 - —mm——
( — ) — )
Y .. bY bY
= E(Y-0) —/— . -(Y-e)-!—'},,—,za
-?"B -
S SE(Y-0) (V-0 - —2 vy (v-8 —2 _(v-e V- —L _yy
‘-':' ! Y: i y } ‘
L b b
= = FE Y- 2. 2—)—2 Y (Y- 0©)- Ty p Y ¢
'-"’.la |
o -E v-e t-2E—2% _yo(v-e)-sE—L
o y E—S
)
L2
(o SR 2E— ¥ (y- ep-biE—]
3. y ¢ Xk A
e
f-f; Let
< EvaL - g2 ‘}_(')) L

where U and W are defined in section B of this appendix.

See section G in this appendix for an evaluation of E(_H—) . Using that result now leads to

the following:
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EVAL=1-:,0. 3 P,(A) ——

{20 K-2
re. 2 A )
Where A = 4——2——, aad P;(A) = ”‘—-T
J.
>, 2
EVAL=1-A P (A
:'230 ,( ) K-2
j+1
=I—E¢ 4\’\" 2 ‘]+l
i=0 7 K~+25 j+1
ud 2(7+1)
= 1- P A
5 P W3S
j
Let + = ;7 +1 and note that the following expression in the summation is zero when 1 = 0.
therefore the index can be initially zero.

21
EVAL= 1-), P;(A)——mm—
2.30 ( )K ~2(i-1)

s 217
.};0 PN (1~ )

W

\ +21-2-21
E P; (/\)(-m—)

K -2

- Pl

)

Where J-is distributed Poisson (A) and Prob (J=i) = P, (A}.

Therefore.
, . . 1 " 1 .
RISK - K 2b(K -2)E ———r—— +b*E ——F——
( ) ~ K -2 bE2J~K*2
Choose b to minimize Risk . let § = E —;—
2 - K -2
o BICK
QRISK 95k 2) - 285 - 0
ab
SRISE 4,
ah*
Solutionis & - A 2 therefore |
. . [ 1 2 1
RISR - K 2K 2)F —m8 — ~(K 2)E ————
( ) 2 - K 2”‘ Z)E2J—I\'~2
. - 1
. l\ . K_- 2 e
( 2°E 2J - K 2
1 1
Now 0« E
ow 9] - K 2 R 2
Hence 2 < RISK < K.
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.' G. EVALUATION OF E ( —g,- )

7

The goal of this section is to evaluate E | -:i,- ).

:i;;:- First, find the joint distribution of U and W.
-3 fovluw)=fu(w)fv(v)
e
e
b, 1 -ie-itenp 1 S 0< .
= e — v e v <o —~oo<u,00
. NET Kzl
) 2 r———)
|‘|
:,v
4 Change of variables
L)
.'2' w=u2+y, vy = -u2 -d—vzl
dw
)\ O0<ev <00 => O<w-ul<oo => wl<w <o
> 1 . K-8 1
s 1 -={u-{10i])? 1 = - —{w-u?
? fuwlsw)= —=c 2 — (w-u?) 2 ¢ ?
",‘ \'21’ —_— 1
2 2 I )
‘:.' - o0< ¥ < o0 ul<w < oo
:‘: Since -%(u— i 1)=- —(u 2-2u| {©| |+ | [©]|? it follows that
K-3 1
1 —_—— - Tle-2«!l@| 1+l 101 (%
% f(,"w(u.w)z %1 (w—uz) 2 z
nI VIr 2 ? r(ﬁ-;—l)
;l
. Therefore,
A U '%1 e ? 20 w Ve K-3
Y E(— )= CK_ fc : fi(w—uz) 2 e O v dul|dw
o W L __2_' K-1."% e
k" vanr b
R _ o, _ _
) Where the range is  u® < w - N ou <N
; Let t - —ee .dt = di. .and - 1 < ¢t < +1. Continuing
1 N \
[ \
5 . z © ! N o K- K-3
b\ [ e - — -_ ) =
.-; E(‘v"‘.): ra Py [e 'j;\; u ¢ (l-l"') 2 e ® ""\u'dt]du-
[\ v27 2 7T 2 )
Ko e‘]?" e ? x v K-231 K -3
;’: = e P {e Hw ? J;t(l e ® 'v"dl]dw
'8 v2ar 2 ¥ T —)
"(: “
— 00 . e A
8 Ive _ ; [ 2
n Now ¢ = .23; = t'w
:v'. 123
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L e 2 K-3 - E-3
. 2 x % oc : e 2
PN [0 _g_:ei,-_"_[ft--nu ; dt]d
vy T K —) e
Let : = 25+1
U _%| b ® » K-3 o (=) | 2441 2'“ K-
- e TT, o ywlie v 25 +1 23" 2
E(W)_ £-1 -1 ‘[c N ?o (25 +1) [It (1Y) d’]"
Viz s ¢ I‘ !
Now the inner integral ischtaij-f-%, K; 3 +1) = Bcta%;’+% , .I%], and
.3 K-1
{5+ )
. 3 K-1 2
Bctau-!—;, 3 | = Ve
I(j+1+—=)
2
_1loe 2 '-‘.2
E v, e 2 AN i 1o} © 254 F(y+ 2) A ’(-2—*: 1) _%d'
(W) K-1 K- ey’ (25+1)! P(5+1 K w 4 w
VB2 T DT ) (7+1+-)
. K
ro-5) % K
The integral is —_—x =2 ir(s -&-—) It follows that
1,05
(3!
1 .3
v ST K-1,& % o j%a T-3)
E(—)= e I 1Y2 — =
“ J— 3 K_ 1 2 =0 (2]‘1). .-_I‘_
V27 2 r( > ) 173
Now.

Mj-3) = (-3~ )
STV IO R T
ALt A R by (C R

S@i-02i- 0 BT

Note further thas

(2,-0) (25 -2 )02, 1) - (3)(2)(1)

= (2712 -0) - (3)B)(N) (25 )(25-2) - - (8)(4)(2)

T ei-n 2 (i
=1
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Since F(%)=\/; and cancelling:
1 1

U -=|.08 ] !e !2j+l
E(g)=c 7 0 plelo o

iogi+1 1 (j+40)

IS

)= 11811 P Mg

§=0

| E(

o

| ie: :?
-

where A =

K. o
o L8

o -y e
& .‘rt"\.'
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i H. INVERSE SINE TRANSFORM

l}

& Method (1):

a ©,=+vn 2Sin"'Vvp

: Method (2):

’2’ €, =vn [Sin~' (2p -1) +%}

Method (2) was used because it was computationally faster for the computer to execute
(2p-1) vice v/p . Proof that both methods are the same is as follows. First step is to reduce the
right hand side of each equation to the elements within the brackets.

e
B Sin(—= )= Sin [25in"'Vp

vn

L = 2p Cos'Sin~' /p |
Q = 2\/71_\/ 1-p

= 2/p(1-p).

LA

)= Sin |Sin"' (2p- 1) - % ‘

., 9
Sin [ —==
v'n

<
fa

= (2p -1) Cas% - Sin—g- Cos Sin™' (2p -1)

= (2p -1)(0) — ()V1-(2p -1)*

= V1-(4p-4p-1)

Therefore $7in ——= = Sin ——=. implying ©, = 6©,. Q.E.D.
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1. MONTHLY VERSES YEARLY RATES

This section provides a recommended method to convert yearly attrition rates to monthly
rates.

v Let r = yearly attrition rates.
Let r,, = monthly attrition rates.

e Assume independence from month to month. Thus 12 consecutive survivor months implies
A3 a survivor year.
208

AR 1-r=(1-r,)"2

L
N -r2=1-r,
) il
'é‘ fm =1 —(1—r)"

Thus, the above equation relates the yearly attrition rates to the monthly attrition rates.
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ABRPENDIX D
PROGRAMS AND PUNCTIONS -

This appendix contains sample listings of JCL, FORTRAN,
AND APL programs utilized by the author throughout this
research project.

A. OREIGINAL SUMMARY DATA PROGEAHN

The original summary data from NPKRDC is on a file in the
Mass Storage at the NPGS Computer Center with a file name of
"COUNIS". 1In order to access the data from CMS and transfer
a copy of the data set "COUNIS" from Mass Storage to the
MVSO004 disk, submit the program "“MSSCOUN JCL A" to dVS.
See Figure D.1.

The data set will nearly £ill half a disk space of 4
cylinders, thus it is advisable to get a temporary work
space while 1logged or in order to conserve A-disk space.
The exec "GETTEMP EXEC At" can be used by tyfping "GETTEMP
8 C", See Figure D.2. A temporary disk space of 8 cylin-
ders will be useable with filemode "C". The files stored on
this disk space will be accessible only while lcgged on. To
view the files on this temporary disk space, type "FLIST * *
cH, This is similar to FLIST on the A-disk except it
accesses the files on the temporary C-disk.

The "GETMVS" system exec is used to copy the summary

data file to the temporary C-disk in order to access it from
CMS. The exec will request the following identification
inforeation "S2209 COUNTS*,

The summary data file has 16093 records with 53 charac-

4 =
*a

Gt

14

ters fer record. The number of records for each fiscal year
is listed in Table XX.

r
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MSSCOUN JCL A
//COUNTS JOB (2209,5555),'MAJ D. D. TUCKER'.CLASS=B A
. //+MAIN ORG=NPGVM1.2209P

J//% sssessonsrrssessnssssss NOTE TO USERS erssssnsessscsanssnssnsne
//+ THIS WILL MOVE THE DATA SET COUNTS FROM MASS STORAGE TO THE
//¢¥ MVS004 DISK. FIRST CHANGE THE XXXX'S TO YOUR USER ID.

//* CHANGE YYYY TO YOUR PROJECT NUMBER, THEN SUBMIT THE PROGRAM
//+  TO MVS. WHEN THE SYSTEM RETURNS A COMPLETION MESSAGE, USE
//* THE GETMVS SYSTEM EXEC TO COPY THE DATA SET TO YOUR A-DISK
//% IF YOU WISH TO ACCESS IT FROM CMS. BE ADVISED THAT THIS

//+¢ FILE IS HUGE AND WILL TAKE UP NEARLY 4 CYLINDERS.

//*

//* USE DSN= S2209 COUNTS IN GETMVS

//O (I 2 TR R R Y R Rt R R L R R P PR R S VRPN E S L)

// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=A

//SYSIN DD DUMMY

//SYSUT1 DD DSN=MSS.FO968.COUNTS.DISP=0LD

//SYSUT2 DD DSN=S2209.COUNTS,VOL=SER=MVS004,UNIT=3350,

// SPACE=(CYL,(2,2),RLSE),DISP=(NEW,KEEP)

/e

Pigure D.1 MSSCOUN JCL A1,

B. DATA MANIPULATION PROGRAHNS

A technique utilized by the author to reduce the depen-
dency of manipulating such a 1large data file, involved
credting a file of indices corresponding to pertinent lata
in the original summary data file. A set of indices was
created for the inventories and losses identified for each
Eiscal year.

1. Iuventory Indices

The set indices for tne inventory can pbe created
using the following procedures.

e Separate the sussary data file bLy fiscal year data and
crvate a nevw file for each fiscal year. For exaaple,
“COUWT77 DATA C" tfor fiscal year 1977 data on thne
teuporary C-disk.
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GETTEMP EXEC A

&TRACE

* GET &1 CYLINDERS OF TEMPORARY 199 DISK SPACE;

* ACCESS IT AS MODE &2; DSK&2 AS DISK LABEL.

&IF &1 = .? &GOTO —HELP

&IF &N NE 2 &GOTO -HELP -

&IF &2 = A &GOTO -HELP

CP DEFINE T3350 AS 199 CYL &1

&IF &RC NE 0 &EXIT -1

&STACK YES

&LABEL = &CONCAT OF DSK &2

&IF &RC NE 0 &EXIT -2

&STACK &LABEL

FORMAT 199 &2

CLRSCRN

Q DISK

&EXIT

—HELP
&TYPE ISSUE GETTEMP <A CYL> <FILEMODE>
&TYPE WHERE CYL IS NUMBER OF CYLINDERS
&TYPE FILEMODE = A IS NEVER ALLOWED
&EXIT

&TRACE ON

Pigure D.2 GETTENP EXEC A1V.

e Execute the NUMBER exec Ly typing "NUMBER <XX>" where
XX is the aesired fiscal year (such as 77 for fiscal
year 1977 data). See Figure D.3. This executive will
load the Fortran program "INV FOxTRAN A1"® ywhicu reads
the data from the file "COUNT77 DATA C". See Figjure
L. 4.

e The output from "INV FORTRAN A1" will be sent to a CMS
file "INVXX ARKAY C", where XX 1s the desired fiscal
year (same as above).
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TABLE XX
RECORDS PER FISCAL YEAR

Fiscal Year Nuaber oi Records
1977 2203
1978 2231
1979 2337
1980 2351
1981 2317
1982 2324
1983 2330
FILE: NUMBER EXEC Al
8TRACE OFF .
x TG EXECUTE THIS EXEC TYPE “NUMBER <YEAR>"
x WHERE YEAR IS OME GOF 77-83.

GLOBAL TXTLIB VALTLIB VFORTLIB IMSLSP NONIMSL CMSLIB
GLOBAL LOADLIB VFLODLIB

FORTVS INV (LVL(77))

¥ FORTVS 81 (LVL(77))

CP TERM LINESIZE 133

&A = ZCONCAT OF COUNT 81

&B = BCONCAT OF INV 81

FILEDEF 08 DISK &A DATA C (RECFM F LRECL 53 PERM
FILEDEF 09 DISK &B ARRAY C (RECFM F LRECL 9 PERM
&TRACE ON

LOAD INV (START

% LOAD &1 (START

ERASE INV LISTING

ERASE INV TEXT

ERASE LOAD MAP

SEXIT

L L N R g e S S g

Figure D.3 NUMBER EXEC A1l.
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FILE: |INV FORTRAN A1l

PROGRAM | NVENTORY
000 A 0000000 0001000 0000030400 0000 00004000 00 00 00000 00 0000 30 9600 00 9090 08 06 91009600 0 04

##% REFORMATS DATA FROM 'COUNTS' FILE INTO A TWO %we -
#e# DIMENTIONAL ARRAY OF INVENTORY FOR EACH YEAR, ###
##% THE OUTPUT IS A SET OF INDICES FOR MATRIX wew
wew FORMATION IN APL, wwe
L 2.2 ] "
wow INDEX SUMMARY *un
#w%  COL CHAR INFO wow
wan 1 YEAR (1,2,...,7)=(77,78,...,83) *##
wew 2,3 2 MOS (00,01,...,39) waw
wew g 1 GRADE (0,1,...,9) bt
#ew 5.6 2 Los (0,1,...,30) wow
wew 7,89 3 INVENTORY NUMBER www
.1 2 2 4%
wew USE "NUMBER <YEAR>" EXECUTIVE wwe

PRI YT AT NS L ST IR T AL RA L AL LS R L S Rl Ll el Ll

INTEGER GRADE, MOS, YEAR, LOS, INDEX, iN, TOT, IYR

THE DO LOOPS CORRESPOND TO THE NUMBER OF RECORDS
FOR YEARS 1977 TO 1983

THE FIRST ONE IS THE FULL DATA SET,
THE SECOND IS FOR TESTING

DO 200 1=1,16093
DO 200 1=1,50

DO 200 I1=1,2203

00 200 1=1,2231

DO 200 I=1,2337

DO 200 I=1,2351

DO 200 1=1,2317

DO 200 1=1,2324

DO 200 1=1,2330

OOOO000OONON00 000D ONONODNOOOOO

101 READ(8,60)YEAR, MOS, GRADE, LOS, INV,L1,L2,L3,L4,L5,L6,L7,L8
60 FORMAT (412,915)
c
c ##4 INITIALIZE THE INDEX 1=77,2=78,...,7=83
Cc
IYR = YEAR - 76
TOT = 100000000*1YR
c

IF(INV.GT.0) CALL SUM(IN, TOT,MOS, GRADE, LOS, INV)
200 CONTINUE

c
STOP
END
C
C THIS SUBROUTINE CREATES THE INDEX ARRAY
c FOR AN INVENTORY DATA ELEMENT
c

SUBROUTINE SUM(INDEX,1,J,K,L,NUM)
INTEGER INDEX,1,J,K,L,NUM
INDEX= 1+(J*1000000)+(K*100000)+(L*1000)+NUM
WRITE (9,500) INDEX
500 FORMAT (19)
RETURN
- END

' Figure D. 4 INV FORTRAN A1,
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L e lhe CHS file "INVIX ARBRAY C%, can be read into an APL
;{ﬁﬁ wvorkspace and assigned to a numeric variable by
g;% executing the user friendly W“CMSAPL EXEC A1". See
a . Figures D.5 and D.6. Note that "CMSAPL" has a provi-
yﬁg sion to add a variable to an existing APL workspace or
;§ﬁf to create a new vworkspace each time "CMSAPL" 1is
Eﬁi executed.

.ji The file of indices created in this manner can be

{?5 utilized to generate matrices in the APL workspace. The two
R dimensional array for each fiscal year's inventory is char-
Jgf acterized by a length subject to the number of records in
i the summary data file for a particular fiscal year in waich

i there is a nonzero inventory count. The columas of the
NG . . . . .

:ﬁﬂ records in the index file is described 1in Table XXI

4

R N

pRAR 2. loss indices

L The set indices for the losses can be created in a
- manner similar to the indices for the inventory by using the

:3; following procedures.

, e Separate the sumsary data file by fiscal year data and
E§3} create a new file for each fiscal year. For exaample,
‘f* "1L0SS77 DATA C" for fiscal year 1977 data on the tempo-
ﬁgﬁ rary C-disk.

) e Execute the "LOSS EXEC A1"™ by typing "LUSS <XX>" where
ﬁﬁl X is the desired fiscal year (such as 77 for fiscal
h:§ year 1977 data). See Figure D.7. This executive will
oo load the Fortran program "“LOSSES FORTRAN A1" which
M reads the data from the file "COUNY77 DATA C*%. See
- ‘? Figure D.8.

{Eﬁ e The output from "LOSSES FORTRAN A1% will Le sent to a
P CM5 file M"LOSSXX ARRAY C", where XX is the desired
. fiscal year (same as above).

:&ﬁ e The CHMS file "LCSSXX ARKAY C", can be read into an APL
Ei;g workspace using similar methods as the inventory tile
o describea above.

i;
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CMSAPL EXEC A
&TRACE
&TYPE ENTER FILENAME, FILETYPE. MODE OF FILE TO BE READ INTO APL
&READ ARGS
&IF &N NE 3 &GOTO -TELL
STATE &1 &2 &3
&IF &RC NE 0 &GOTO -ERROR
&TYPE ENTER THE NAME OF THE APL VARIABLE THAT WILL STORE THE DATA
&READ VAR &A
&TYPE ENTER NAME OF APL WORKSPACE YOU DESIRE THE VARLABLE &A IN
&READ VAR &WKS
&TYPE 7??? WHAT TYPE OF VARIABLE IS DESIRED?
&TYPE ENTER N IP YOU DESIRE A NUMERIC VARIABLE.
&TYPE ENTER C IF YOU DESIRE A CHARACTER VARIABLE.
&TYPE ENTER Q IF YOU DESIRE TO QUIT
&READ VAR &ASK
&IF &ASK EQ Q &EXIT
&TYPE YOUR INFORMATION WILL BE STORED IN APL WORKSPACE &WKS
&IF &ASK EQ N &GOTO -NUMS
CP TERMINAL APL ON
&STACK )LOAD 990 CMSIO
&STACK &A "CMSREAD
&STACK &1
&STACK &2 &3
&STACK C
&STACK )WSID MYSPACE
&STACK )SAVE
&STACK )OFF HOLD
EXEC APL
&GOTO -SKIP
-NUMS CP TERMINAL APL ON
&STACK )LOAD 980 CMSIO
&STACK &A ‘CMSREAD
&STACK &1
&STACK &2 &3

Figure D.5 CHSAPL EXEC a1l.
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&STACK N

&STACK )WSID MYSPACE

&STACK )SAVE

&STACK )OFF HOLD

EXEC APL

—SKIP &TYPE 27?7 IS THIS A NEW WORKSPACE? Y OR N
&READ VAR &NEW

[ &IF &NEW EQ Y &GOTO -JUMP

CP TERMINAL APL ON

&STACK )LOAD &WKS

&STACK )PCOPY MYSPACE &A

&STACK )SAVE

&STACK )DROP MYSPACE

&STACK )OFF HOLD

EXEC APL

&EXIT 98

-JUMP CP TERMINAL APL ON

&STACK )WSID &WKS

&STACK )PCOPY MYSPACE %A

&STACK )SAVE

&STACK )DROP MYSPACE

&STACK )UFF HOLD

EXEC APL

&EXIT 98

-TELL &TYPE YOU HAVE ENTERED TOO MANY OR NOT ENOUGH ENTRIES
&TYPE FOR THE FILE THAT YOU WANT TO BE READ [NTO APL.
&TYPE YOU NEED TO BEGIN AGAIN

&TYPE

&TYPE ENTER: CMSAPL ‘

&EXIT 100

-ERROR &TYPE &1 &2 &3 DOES NOT EXIS ON YOUR &CONCAT OF &3 -DISK
&TYPE CHECK YOUR FLIST AND THEN BEGIN AGAIN

&TYPE BY ENTERING CMSAPL

&EXIT 101 ‘

Figure D.6 CHSAPL EXEC A1 (CONT.).
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TABLE XXI
INVENTOBY INDEX SUMHMARY

2

Py Coluamn Characters Information
N 1 1 YEAR 51-1977"'7 1983)
‘A 2,3 2 MOS (U0...3
\ & 1 GEADE (0. ..
¢ S, 6 2 LOS 0...30
n 18,9 3 TAVESI0RY NUABEE
;
¥ —
X |
" FILE: LOSS EXEC Al
Ly
8TRACE OFF
* TO EXECUTE THIS EXEC  TYPE "LOSS <YEAR>"™
x WHERE YEAR IS ONE OF 77-83.

GLOBAL TXTLIB VALTLIB VFORTLIB IMSLSP NONIMSL CMSLIB
GLOBAL LOADLIB VFLODLIB

FORTVS LOSSES (LVL(77))

x FORTVS &1 (LVL(77))

CP TERM LINESIZE 133

&A = 8CONCAT OF COUNT &1

8B = ZCONCAT OF LOSS &1

FILEDEF 08 DISK &A DATA C (RECFM F LRECL 53 PERM
FILEDEF 09 DISK &B ARRAY C (RECFM F LRECL 9 PERM
&TRACE ON

LOAD LOSSES (START

¥ LOAD &1 (START

ERASE LOSSES LISTING

ERASE LOSSES TEXT

‘ ERASE LOAD MAP

REXIT

Figure D.7 LOSS EXEC al.
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PROGRAM LOSSES

P T T s L R R R R R T T L L T
*++* REFORMATS DATA FROM 'COUNTS' FILE INTO A TWO *%*
*+%* DIMENTIONAL ARRAY OF LOSSES FOR EACH YEAR. ool

**#% THE OUTPUT IS A SET OF INDICES FOR MATRIX *w
*%#+ FORMATION IN APL. *n
L X X3 *wrk
*h INDEX SUMMARY *un
**»» COL CHAR INFO ke n
waw ] 1 YEAR 61'2 ...,73= 77.78,...,83) wxx
*en 23 2 MOS é 0:0i,....39 *
e 1 GRADE (0,1....:9 ok
*kd 5§ § 2 LOS §°'1 ca. 36; *hw
aew 8,4,10 3 NUMBER ' OF ' LOSSE o
ek USE "LOSS <YEAR>" EXECUTIVE e

kbbb hdhdhbddodhkhbbhdirbdbbbblbrrwdddirin

INTEGER GRADE,MOS, YEAR, LOSS, LOS, IYR

THE DO LOOPS CORRESPOND TO THE NUMBER OF RECORDS FOR YEARS 77-83
THE FIRST ONE IS THE FULL DATA SET, THE SECOND IS FOR TESTING

Q

(¢}
[NTSTNTSTNT ST NTN1N)
[elelelelelolelole]
000000000
Ll l ot el l sl ol
nwnwgnmng
ot b b i e gt et b
[STSTNTSTNTST ST,

P

*+ L1 - 1.8 IS LOSS TYPE CODE 1 - 8
READ B,SO}YEAR MOS,GRADE, LOS, INV,L1,L2,L3,L4,L5,L6,L7,L8

QOO0 =000 aQNOaNNNOOaN QOOQOOOOOONANNNNNN
O

FORMAT' (412,915)
**% INITIALIZE THE INDEX 1=77,2=78,...,7=83
IYR = YEAR - 76 i

c LOSS = 100000000*IYR
IF(L1.GT.0Q) CALL SUM(IN,LOSS,MOS,GRADE,LOS,1,L1
IF(L2.GT.0) CALL SUM{IN,LOSS GRADE. ,2.L2
IF{L3.GT.0) CALL SUM(IN.LOSS.MOS.GRADE,LOS.3.L3
IFE(L3.GT.0) CALL SUM(IN.LOSS,MOS.GRADE,LOS,3.L4
IF(LS5.GT.0) CALL SUM(IN.LOSS,MOS,GRADE,LOS,S.LS
IE(L6.CT.0) CALL SUM({IN,LOSS. .GRADE, .6.Lo
IE{L7.GT.0) CALL SUM{IN,LOSS,MOS,GRADE,LOS 7 /L7
IF{L8.GT.0) CALL SUM{IN,LOSS.MOS.GRADE,LOS,8,L8

200 CONTINUE
STOP

c END

g THIS SUBROUTINE CREATES THE INDEX ARRAY FOR LOSS DATA ELEMENT

SUBROUTINE suuirnozx I,J,K, L,M, NUM)
INTEGER INDEX, !, J,K
INDEX=_I+(J*{0606000)+(K*1000000)+(L*10000)+(M*1000)+NUM |
WRITE (9,500} INDEX
500 FORMAT (110)
RETURN

Figure D.8 LOSSES FORTRAN A1l.

The file of indices rfor the losses is siamilar to the
inventory tile. The two dimensional array ror each fiscal
year's 1loss is <characterizea by a length subject to the
number cf records in the suamary data tile for a particular
fiscal yvear in whican there is a nonzero loss count for each
loss tygpe. It should be rnoted that a record in the original
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summary data may have a numerical count for more than one
type ci loss. The columns of the records in the index file
is described in Table XXII.

TABLE IXII
LOSS INDEX SUMMARY

Column Characters Information

1 1 YEAR é1=1977...7=1983)
2,3 2 M0S  (00...39)

4 1 GRADE (0...9

5 6 2 LOS (0...3

7 1 LOSS TYPE (1...8)
8,9,10 3 NUMBER CF LOSSES

C. FUNCIIONS

Numerous APL functions were utilized in this project for
data ranipulation and execution of calculations pertaining
to the processes under evaluation. The following is a
discussion of the wmost utilized <functions and taeir
pur poses.

1. Inventory Functions

The workspace "“INVTOT" was utilized to retain the
inventory index matrices. The variables assigned to each
fiscal year's iaventcry index matrix was labeled "INVXXYW,
wvnere "XX" is the agplicable fiscal year (e.g., 77 for
fiscal year 1977) .
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a. PFunction GETINV

The function to create the inventory matrix for

each desired year is "GETINVY, See Figure D.9. WGETINV®

. utilizes the function "INVMATX INVXX", which interprets the
inventory index matrix ®"INVXX" and creates the inventory

matrix for fiscal year "Xx©. See Figure D.10. The resul-

tant matrix is "IXX" for fiscal year "“iXxw. The function

“INVMATX" could create a matrix of the following dimernsion

7x40x10x31 rtor 7 years, 40 MOS's, 10 grades, aud 31 LOS's.

However, due to limited workspace, the dimension of 40x31x10

for 40 M0S's, 31 LOS's, ard 10 grades wvas commonly utilized.

V GETINV
[1] e GET THE NUMBER OF YEARS OF INVENTORY DESIRED.
[2] o COMMENT QUT YEARS NOT USED IMMEDIATELY.
[3] 177<INVMATX INV7?
(4] 178«INVMATX INV78
[5] 179«INVMATX INV79
[6] 180«INVMATX INV8O
[7] 181 +<INVMATX INV81
[8] = 1B2+INVMATX INV82
[9] = 183«INVMATX INV83
(10] ' SHAPE OF 177 IS
[(11] Oepi77

. Figure D.9 APL Function GETINV.

L. Group Inventory Functions

There is a separate function ¢to make a combined
matrix for each of the MOS groups. Listed in Table XXIII
are the Jroups, the function used to create the desired
matrix, and the shape of the resultant matrix. Figure D.11

is a representation of the programing technigyue used ror the
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S
J{ 4
?fc‘_ V Z~INVMATX X;A;B;C.D:E;F;lid
Lo~ [1] a'MATRIX INDEXING (YEAR,MOS,GRADE,LOS,INVENTORY) *
h I [2] Z«(40 31 10)00
[3] = X IS AN ARRAY OF INDICES FOR A YEAR OF INVENTORY DATA, 1
123 (4] a INDEX = 9 CHARACTERS PER ARRAY ELEMENT
< [5] = INDEX NUMBER CHARACTERS DESCRIPTION
T (6] » 1 1 YEAR (1...7) FOR (77...83)
}, [7] a 2.3 2 MOS (00,01,...,39)
"N (8] « 4 1 GRADE (0,1.....9)
N [9] - 5.6 2 LOS (00,01,...,30)
S [10] » 7.8,9 3 INVENTORY
;\-j [111 A
e [12] 1-pX
S0 ] [13]) Jet=9
b [14] LOOP:~(4=0)/0UT
[15] a THIS INDEX IS NOT USED BECAUSE WITH THIS ADDED
oy [16] a DIMENSION, YOU'LL GET A FULL WORKSPACE.
35 [17] Aee(11X)
o [18] »
b (19] Bet+(e(21X«(11X)))
e [20] Ce1+(s(11X<(24X)))
J. [21] D«1+(s(21X<(14X)))
[22] E«a(3tXe(21X))
Ny (23] z[B:D:C}~E
}; [24] Xe(34X)
L [25] Jed-1 )
R [26] -LoOOP
[27] OUT:'FINISHED —— SHAPE OF MATRIX IS
o [28] oz .
4
‘»' Figure D. 10 APL Function INVMATX.
J
N ¢ Ground Combat MOS. The technique for the other groups was
4, :
-3 similar.
"-'-" These functions call the furnction “GETMuS YY",
_. which creates the central data inventory ror tane desired
fiscal year for a particular MOS of "YY", 1In order to Jet a
A . . .
A Compat Service Support 40S inventory matrix, the "GETMOS YY"
N function cau be wutilized separately to get the 403 "yy®
matrix. The function "GETMOS" uses the global variables of
, 14" and “Lxx*, for tne inventory matrix and loss matrix
:;*? respectively, for fiscal year "“XX“. See Figure D. l..
o
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]
3]
o]
5]
6]
7

i
9]
[10]
[11]
[12]

Lyment Lo | o 3

a THIS GETS THE MOS: ARTILLERY

V GETGC;K

a THIS GETS THE INVENTORY MATRIX. FOR THE GROUND
a COMBAT OCCUPATION GROUP.

a SHAPE IS (MOS;YEARS;LOS;GRADE)

a +«+ CHECK THE 2ND INDEX FOR THE CORRECT

a ++ NUMBER OF YEARS DESIRED.

GC«(3 4 31 10)p0

a  THIS GETS THE MOS: INFANTRY

GC[1:.:]~GETMOS 3

GC[2;:;)~GETMOS 5
a  THIS GETS THE MOS: TANKS AND AMPHIB
GC[3:::]+GETMOS 10

Pigure D.11 APL Function GETGC.

[1

[5] Jex+1

[10] z[4;
(12] a2(6:;

V Z~GETMOS X,J;Y

a GET THE CENTRAL DATA NUMBER OF INVENTORY

a FOR THE YEARS DESIRED FOR A PARTICULAR MOS.
A X= MOS DESIRED. CHANGE THE INDEX FOR Z IF
o YEARS ARE NOT SEQUENTIAL.

Z~(4 31 10)00
2015 (= (77[9: 1417805 =2)I(L77[U::]))
Z[2:; ] ((v+(178[9::]+179(u:: ) +2)1(L78[J::]))
Z[3::)~((v<(17910::]+1800V::]) + 2)1(L790V::))
Je((re(180[;;]+181[0::]) +2)I(L80[U::])
1] 0255« ((y=(81[4::]+182[J::]) +2)[(L81[J::]))
J-((ve(82[us]+183[8: )= 2)I(L82[u:])

Figure D.12 APL Function GETMOS.

To create the inventory matrix used for the

James-Stein ¢

unction the rollowiny functions were used:

e GEING - creates the "NG" mpatrix tor Ground Comtat. See

Figure D.13 for an exaasple of the program utilized to
crecate the the Ground <Combat inventory wmatrix. The
w1
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TABLE IXIII
IBVENTORY FONCTIONS

Occugation Group Function Nanme Shape
Aviators GETAY Yeats,uus,grade)
Combat Supgort GETCS 40S,Years,l0S,grade
Grcund Combat GET GC 40S,Years ,L0O0S, grade

Corkat Support inventory matrix was created in a
similar manner.

e GEIMC - creates the "NC" matrix for Combat Support.

vV GETNG
[1] = THIS CREATES THE INVENTORY FOR GROUND
[2] = COMBAT, YEARS, AND GRADE ELEMENTS.
[3] = NG(X), Xx=0-8 FOR WO TO LT COL.
(4] @ NGO«(3 1 2)XGC[:::1]
[5] & NG1+(3 1 2)xGC[:::2]
[6] » NG2«(3 1 2)XGC[:::3)
[7] a NG3«(3 1 2)}GC[:::4]
[8] & NG4«(3 1 2)8GC[:::5]
[9] NG5«(3 1 2)%cC[;::6]

[10] a NG6~(3 1 2)}GC[:::7)
[11] & NG7«(3 1 2)XGC[:::8]
: [12] NG8«(3 1 2)}GC[;.:9]

Figure D.13 APL Function GETNG.

5 2. Logs Functions

Tne workspace "AATRIX" was utilized to retain the
loss index matrices. The variacvles assigned to each fiscal
yedasr's lcss indes matrix was labeled "LUSSXXY, where "X{X" is
the agpplicavle fiscal year (e.g9., 77 ror tiscal year 1977).
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:""3 a. Function GETLOSS

Bl

?‘:; _ The functicn to create the loss aatrix for each

iy desired year is “GETLOSS". See Figure D.14. WGETLOSS"
" utilizes the function “MATRIX 10SSXX", which interprets the

\‘_ loss index matrix “LCSSXX" and creates the loss matrix for
’q‘}._r fiscal year ®wxx». The resultaat matrix is "LXX" for fiscal

W year ®XX", The function "MATEIX" could create a matrix of

'.: the fcllowing dimensicon 7x40x10x31x8 for 7 years, 40 MOS's,
Wi, 10 grades, 31 LOS's, and 8 1loss types. dowever, due to

:v?:}'c limited workspace, the dimemnsion of 40x31x10 for 40 MOsS's,

DR 31 LCS's, and 10 grades was commonly wutilized when the
o losses were aggregated. Each loss type could be examined
:‘. witn the sane dimensicred matrix. See Figure D.15.

"

- v GETLOSS

% {1] o THIS GETS THE L(XX) MATRIX FOR YEARS

b (2] = xx=77,...83.

L (3] L77~MATRIX LOSS77

. [4] L78«<MATRIX LOSS78

[5] L79~MATRIX LOSS79

q [6] LBO~MATRIX LOSS80

| : E? aL81+MATRIX LOSSS81

A I 8] aLB82<MATRIX LOSS82

; N (9] eLB3~MATRIX LOSS83

.;’)

-

Z;§ Figure D.18 APL Function GETLOSS.

ot

}-3:\_- b. Group Loss Functions

R

There is a separate function to make a coabined
o matrix tor each of the MOS groups. Listed in Table XXIV are
;‘1” tae groups, the function used to create the desired matrix,
"‘ and the shape of tue resultant matrix. See Figure D.1¢ rfor
».3.

'
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1 UMATRIX(O]V

V Z«MATRIX X:A;B:C;D:E:F:l:J

a ‘MATRIX INDEXING (YEAR,MOS,GRADE,LOS,LOSS TYPE,NUM OF LOSSES) '
2] a USE FOLLOWING DIMENSION FOR Z IF SHAPE(MOS,GRADE,LOS,LOSSTYPE)
3] o Z~(40 10 31 8)00

USE THE FOLLOWING DIMENSION FOR Z IF AGGREGATING THE LOSSES
Z+~(40 31 10)00

USE THE FOLLOWING DIMENSION FOR Z IF SHAPE (YEAR,LOSSTYPE ,GRADE)
2+-(1,8,10)p00

USE THE FOLLOWING DIMENSION FOR Z IF SHAPE (YEAR,LOSSTYPE ,MOS)
Z2+(1,8,40)00

E10] a USE THE FOLLOWING DIMENSION FOR Z IF SHAPE (YEAR,LOSSTYPE.LOS)
11] Z+~(1,8,31)00

(12] a X IS AN ARRAY OF INDICES FOR A YEAR OF LOSS DATA.

‘-.d‘—---” “
AL LA
—

»
H amaed
EY

ey
~N
[ L
» » 0

13] a INDEX = 10 CHARACTERS PER ARRAY ELEMENT
14] a INDEX NUMBER CHARACTERS DESCRIPTION
15]a 1 1 YEAR (1.2....,7) FOR (77.78.,....83)
[16]a 2.3 2 MOS (00,01,...,39)

. [17]a 4 1 GRADE (0.1,...,9)

:_(’ [18] a 5.6 2 LOS (00.01.....30)

- [(19] a7 1 LOSS TYPE (1,2,...,8)

o [20] » 8,9,10 3 NUMBER OF LOSSES

"\&‘ : L21= e

: [22] 1+pX

: (23] Je1+10

- £

[24] LOOP:+(J=0)/0UT
25] a THIS INDEX IS NOT USED BECAUSE WITH THIS ADDED DIMENSION WS FULL

L]
J

e

Aea(11X)

1 - L

(29] Be1+(a(2tX=(11X)))

30] Ce1+(a(1tX=(24X)))

31] Det+(a(2tXe(14X)))

[32] Eea(1tXe(2X))

[33] Feo(3tX=(11X))

34] a USE THE FOLLOWING IF YOU WANT SEPARATE LOSSES

] » NEED TO CHANGE THE DIMENSION OF Z ABOVE TO 2[40 10 31 8]
(36] & Z[B:C.D:E]~F '

VW
NN
NN

v

LI »
A A A
[

N

. v L "1'—.'_ SO
[#]
W

o [37] a USE THE FOLLOWING IF YOU WANT THE LOSSES AGGREGATED
o (38] » Z2[B:D;C]~2[B.D;C)+F
'\C [39] a USE THE FOLLOWING IF YOU WANT SHAPE (YEAR,LOSSTYPE,GRADE)
) [40] » Z2[1:EC]-F
Bs [41] a USE THE FOLLOWING IF YOU WANT SHAPE (YEAR,LOSSTYPE.MOS)
ag [42] » Z[1,E:8)F
b [43] a USE THE FOLLOWING IF YOU WANT SHAPE (YEAR, LOSSTYPE,LOS)
»y [44] Z[1.E:D])~F
N [45] Xe(31X)
A [46] Jed=1
0.. k-
O (47] -vroOP
‘-‘ (48] OUT:'FINISHED —- SHAPE OF MATRIX IS .
=
o
;‘ ~ Figure D.15 APL Function MATRIX. ‘
3
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the Ground Combat function. The other groups' functions
vere sigilar.

v GCLOSS
[1] o THIS GETS THE LOSSES FOR GROUND COMBAT
[2] « FOR 6 YEARS 77 ~ 82. {
[3] & SHAPE IS (MOS,YEAR,LOS,GRADE). '
4] a CHANGE YEAR INDEX TO DESIRED NUMBER
5] GCL«(3 4 31 10)00
6] GCL[1;1;;]*L77E4;;]
7
8

GCL[1:2;:}-L78[ 4::]
GCL[1;3:;]+L79[4::]
GCL[1;4;;])«L80[4;:]
[10] = GCL[1;5;;)-L81[4:;]
[11]) = GCL[1;6::)<L82[4::]
[12] GCU[2;1;;])-L77(6::]
[13] GEL[2;2;;]«L78[6::]
[14] GCL[2:3::]«L79(6::]
15] GCL[2:4;:]-L80[6::]

16] a GCL[2;5;;]-L81(6:;:]
[17] o GCL{2:6;;)~1L82(6::]
(18] GCL[3;1;;]«L77(11;:]
[19] GCL3:2;;]«L78[11;:]
[20] GCL{3:3;;}«L79[11::]
[21] GCL{3;4;;]«LBO[11;;]
[22] & GCL[3;5;;)«L81[11;;]
[23] » GCL[3:6;:]«~L82[11:;]

Pigure D.16 APL Punction GCLOSS.

These functions use the global variables "LL4&",
for ‘each "XX" fiscal year. In order to get a Coanbat Service
Support MOS loss matrix, the ®LXKL" matrix was used directly
to remove the desired combination of cells.

To create the loss patrix wused tor the
James-Stein function the rollowing functions were used:

e GE1YC - creates the "Y(C" matrix for Compat Support.
e GEIYG - creates the "YG*" gmatrix tor ¢rouud Comkat. See
Fiyure D.17 for an example.




TABLE XIIV
LOSS FUNCTIONS

Occugation Group Function Name Sha pe

cogbat Supgott CSLOSS MO0S,Years ,L0S,grade

srcuna Combat GCLOSS M0S,Years ,LOS, grade
v GETYG

[1] o THIS CREATES THE LEAVERS FOR THE GROUND

[2] o COMBAT, YEARS, AND GRADE ELEMENT. ‘
[3] = YG(X), X=0-8 FOR WO TO LTCOL.

[4] a YGO«(3 1 2)XGCL{;;;1]

[sj a YGI¢-$_3 1 2;\0&[;:;2]

6] & YG2+~(3 1 2)}GCL[;1:3

[7] » YG3«~(3 1 2)RGCL[;:;:4]

[8] & YG4+~(3 1 2)XGCL[;:;5]

[9] YGS5«(3 1 2)RGCL[;;;6])

[10] » YGE«(3 1 2)XGCL[::;7]
(1] » YG7+~(3 1 2)RGCL{:::8)
[12] YG8«(3 1 2)XGCL[:::9]

Figure D.17 APL Function GETYG.

The following notation is required for the following
functions.

o let "i" stand for LOS, then i=0,...,30.

o let "j¥ stand for nGS, (then values of j's depernd on
which MOS group is being analized).

e Jet Dij = 1Incidence Matrix of nonstructural =zeroes,
which is the sauwe for ail years. Dij = 1, 1if cell is
genker of the feasitle region; Dij = 0, otherwise.
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e let K = number of feasible cells, i.e., sum of all Dij.
e let Yij = number of leavers in cell (i,j).
e let t = 1,...,T; where T = nuaber of years of data used
to create the estimator.
o let Nij = Inventory in cell (i, 3) = Max
((N(t) +h (t+ 1)) /2,Y(L)).
The following APL functions were utilized in the
James-Stein model. See Figure D.18 for the APL listings of
the fcllowing functions.

a. Function ARCSIN

Let 1ISM = Nij ARCSIN PMMij. The function
“ARCSIN" returns the inverse sine transformation for use
vhen the success probability is estimated directly (e.g., by
MINNAX).

b. Function EBEINCONY

Let Pij = Jij BINCONV Nij(t). The function
"BINCCNV" inverts the inverse sine transformatica.

c. Function BINPREP

Let ISij(t) = Yij(t) BINPREP Nij(t). The func-
tion "“BINPREP" prepares the Freeaan-Tukey version of the
inverse sine transformation for binomial data.

d. Punction JAAES

Let Jij = Dij JAMES 1ISij(t). The function
"JAMES" returns a James-Stein estimator for the means of the
Beans of the cells in the last two dimensions of the input
matrix while being screened by the incidence matrix of
nonstructural zeroes.

e. Function MINMAX

Let PMMij = Yij(t) MINMAX Nij(t). The function
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. ¥V X«N ARCSIN P

[1] & X IS THE INVERSE SINE TRANSFORMATION FOR USE WHEN THE
(2]  SUCCESS PROB. P IS ESTIMATED DIRECTLY (E.G. BY MINIMAX)
[3] & Y IS LOSSES; N IS INVENTORY

[4] X«((0.5+N)+0.5)x—10-1+2xP

V B«T BINCONV N;VO:V1
[1] » INVERTS ARC SIN TRANSFORMATION
Y [2] » T HAS RANK 2; N HAS RANK 3, THE 1st DIMENSION IS TIME.

] [3] B«0.5x1+10T+(0.5+(Ne+#N)+11oN)+0.5
v N‘f [4] VOeT<(=0+2)x(N+0.5)+0.5
4N (5] V1eT>(0+2)x(N+0.5)+0.5
b :E;; [6] B«V1+Bxv0aVi
UBINPREP[O]V
e V X«Y BINPREP N;P
Wi [1] @ PREPS THE FREEMAN—TUKEY VERSION OF THE
i [2] = ARC SIN TRANS FOR BINOMIAL DATA
o [3] = Y IS LOSSES; N IS INVENTORY
f.:...‘. [4] Xe—1o—1+42xY+N+1
i“ [5] X«<0.5%((0.5+N)+0.5)xX+=10=1+2x(Y+1)+N+1
""s'
g.‘ V P«D JAMES Z:K;N;ZB;ZBB;S:M;C
s (1] a P IS A JAMES—STEIN ESTIMATOR FOR THE MEANS OF THE
, ﬁf [2] a CELLS IN THE LAST TWO DIMENSIONS OF Z (SCREENED
Lol [3] = BY THE INCIDENCE MATRIX D OF NON STRUCTURAL ZEROS).
{4] S<D sumsa 2

= (5] zBB«(0ZB)pzBB 4
[6] Ce1-(NxK=-3)+(2~K—KxN)x+/S
;;f;:? (7] P~-DxZBB+CxZB-Z8BB
5 V XD SUMSQ Z;SSE
D) [1] = X IS SSB.SSE FOR THE CELLS OF Z (WHICH HAS RANK 3)
G [2) a D (OF RANK 2) IS THE INCIDENCE MATRIX FOR THE LAST TWO |
et [3] = DIMENSIONS OF Z. K IS THE NUMBER OF TREATMENTS. !
< [4] Ke«+/D
b [5] 2ZBeDx(+£Z)+Ne1tpZ
AR [6] zBB«~(+/.ZB)+K

(7] Xe+/.(2-(02)0ZBB)*2

N (8] Xe(X-SSE),SSEe+/.(Z—-(02)0ZB)*2

Fiqure D.18 APL Functions in James-Stein Algoritham.

').c "MINMAK" returns the MINMAX estimates for the biunomial. The
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utilized the validation

compare the James-Stein estimator to the

function was in procedures to

MINMAX estimator.
See Fiyure D.19 for the APL listing of this function.

V P<Y MINMAX N:;YY

a RETURNS MINMAX EST'S FOR BINOMIAL

o INCLUDES REDUCTION OVER THE 1st RANK (TIME) OF THE
a INPUTS. NN (GLOBAL) IS CREATED FOR USE IN ARC SINE.
YY++4Y

NN« +/N

Pe(0.5+(0#YY)XYY-NN+0.5)=1+NN«0.5

Figure D.19 APL Function MINMAX.

4. Validation Functions

of the
functions utilized in the validation procedures specified in
Chapter 5.
Service Support, and Ground Combat) was unique in its set of

The following APL functions are an exaample

Each MOS group (Aviationmn, Combat Support, Combat

functioans. However, the methcdology was siailar in manipu-

lating the data.
a. Function BEFORE

“BEFORE"
the James-Stein,

The function performed the preliminary

work for the parawmeters ror Mivimax, and

Maximum Likelikood estimation processes.

L. Function GETGC81

See Figure D.2).

The functicn "GETGC81"
for the James-Stein, Minimax,

tors. See Figure D.21.
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) V BEFORE;I5;I8

e [1] = DOES THE PRELIMINARY WORK FOR THE PARAMETERS

[2] » FOR THE JAMES STEIN, MINMAX AND MAXLIKEHOOD

- [3] = FOR THE NORMALS OF THE GROUND COMBAT MOS. :
g [4] 15<YG5 BINPREP NG5

a8 [5] 18-YG8 BINPREP NGB

[6] JG5~DLT JAMES I5
Y [7] JGB«~DLC JAMES 18
o 8] PG5«<JG5 BINCONV NG5S
9] PG8«JG8 BINCONV NG8

Y

.3 [10] PM5«YG5 MINMAX NG5
ot [11] PM8«YG8 MINMAX NG8
- [12]

b3 [13] IM8«(+/NG8) ARCSIN PM83
AY

-
! |
—
'S

IAS «(+#YGS) BINPREP(+7/NG5)

|
IMS«(+#NG5) ARCSIN PMS (
1

_ [15] 1A8«(+AYG8) BINPREP(+#NG8)

N [16] PAS5«IA5 BINCONV NG5

5 [17] PAB«IAS BINCONV NG8 |
3 |
Y, i

K2,

L) . : |

&8 Figure 0.20 APL Function BEFORE. ;
¥

oY c. Function AFIER

I

] The function ®AFTEE" 1is an exawple of the

:f conscliaation of the execution of multiple years' validation

f: functions. See Pigure D.22.

.

[ d. Function GETFOM

2

A The function W“GEIFCM" derives the figure of

. merit (i.e. mean squared plus variance) of a giver array of
> values. See Figure D.23.
< . .
. e. Function TEST
o
34 The function "TESI" was utilized in the addi-
ot . . . .
$: tional comparison subtests mentioned in Chapter 5. The

function conducted the two comparison tests for the
3 projection capability cf the James-Stein estimatiornL Frocess.
See Figure D.24.
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V GETGC81;CS81,Y;N5;N8;Y5;Y8:1G5;1G8
a GETS THE NORMALS FOR THE JAMES-STEIN, MINMAX,
a AND MAXLIKE FOR THE GROUND COMBAT MOS FOR THE
a PROJECTED YEAR 1981. ALSO COMPUTES THE CHI
a SQUARE VALUES FOR VALIDATION PURPOSES.

10

N5«N81GS

N8+~NB1G8

YS5«Y81G5

Y8+~Y81G8

IGS+(YS BINPREP N5)

IG8«(Y8 BINPREP N8)

NOR81G5«IG5-JG5

NOR81G8«1G8-JG8

DD«DLT

P«PGS

CS81G+(2 6)p0

CS81G[1; 1 2]«Y5 CHI N5

DD<DLC

P+PG8

CS81G[2; 1 2]«Y8 CHI N8
NMM81G5«1G5~IM5
NMM81G8+~1G8~IM8
DD+-DLT

P<PM5

CS81G[1; 3 4]«Y5 CHI NS
0D+DLC

P~PM8

CS81G(2; 3 4]-Y8 CHI N8
NAB1G5+«IG5~1A5
NAB1G8+IG8~IA8

DD~DLT

P«PAS

CS81G[1; S 6]«Y5 CHI N5
DD«DLC

P~PA8

CS81G(2; 5 6]«~Y8 CHI N8
' JAMES DF MINMAX OF
D-CS81G

MAXLIKE

DF'

Figure D. 2% APL Function GETGCS81.
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V AFTER

[1] = RUNS THE 81 TO 83 PROJECTION FUNCTIONS
[2] 'GROUND COMBAT 1981

[3] GETGCB!Y

[4] 'GROUND COMBAT 1982'

[5] GETGCs2

[6] 'GROUND COMBAT 1983

{7] cETGC83

Pigure D.22 APL Function AFPTER.

.V Z~GETFOM X;M;N;V
[1= @ GETS THE FIGURE OF MERIT (FOM) OF X
[2] = FOM IS THE SQUARED MEAN PLUS THE VARIANCE
[3] Me(+/.X)5Ne(p,X)
(4] Ve(+/.((X=M)#2))=N-1
(5] Zev+(Me2)

(6] 'MEAN = ' (M)
7] VARIANCE = ', (sv)
[8] ‘FOM = '(s2)

Figure D.23 APL Punction GETFOM.
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Z+Y TEST N;A:B;C;DD:;IS;J;P;MLE;AC;SSEM;SEM;SSEP;SEP;DIFP:DIF M;NUM
] YIS LEAVERS, SHAPE (2 YEARS, 31 LOS, MOS'S)

a D IS THE GLOBAL INCIDENT MATRIX FOR THE DESIRED GRADE

" N IS CENTRAL INVENTORY, SHAPE (2 YEARS, 31 LOS, MOS'S)
IS«Y BINPREP N

J«D JAMES IS

P«(J BINCONV N)xD |
MLE = ((Y[1::1)=(N[1::]+(N[1;;]=0)))xD
ACe((+AY)+((+/N)+((+/N)=0)))xD
SSEM«+/,SEM«(AC~MLE)s2

[10] SSEP«+/,SEP«(AC~P)+2

Ay
i

LY
(,J N"—-I' q

"
Ji

"

EESCEES

t oumn g

—

S [11] DIFP«+/,(SEP<SEM)
[12] DIFM«+/ (SEM<SEP)

[13] NUM«+/.D
[14] *1 THIS IS TEST 1, ALL THE CELLS IN THE FEASIBLE REGION'
[15] * ARE ESTIMATED BY THE JAMES STEIN PROCESS'
' SEP = THE SQUARED DIFFERENCE OF THE JS PROJECTED AND ACTUAL'

[17] * SEM = THE SQUARED DIFFERENCE OF THE MLE AND ACTUAL'

] ' SSE(MLE) = THE SUM OF THE SQUARED DIFFERENCES OF SEM'
ng ' SSE(P) = THE SUM OF THE SQUARED DIFFERENCES OF SEP"
20]
[21] 'FEASIBLE CELLS SEP<SEM SEM<SEP SSE(MLE) SSE(P)
[22] A« -
[23] B~ -
[24] C«' '
{25] Do+~
(26] B.(NUM),A,(3DIFP),B,(3DIFM),C,(3SSEM),DD.($SSEP)

e

[28] *

[29] SSEM«+/,SEM«~(AC~(MLEX(AC=0)))s2
[30] SSEP«+/,SEP~(AC—(Px(AC%0)))+2
[31] DIFP«-+/,(SEP<SEM)

[32] DIFM«+/,(SEM<SEP)

[33] NUMe«+/,(AC#0)

SSE2(P) = THE SUM OF THE SQUARED DIFFEREMCES OF SEP2'

[34] * THIS IS TEST 2, ONLY THE CELLS IN THE ACTUAL REGION >0'

[35] ' ARE REPRESENTED IN THE COMPARISON TEST *

[36] ' SEP2 = THE SQUARED DIFFERENCE OF THE JS PROJECTED AND ACTUAL'
[37] ' SEM2 = THE SQUARED DIFFERENCE OF THE MLE AND ACTUAL'

[38] ' SSE2(MLE) = THE SUM OF THE SQUARED DIFFERENCES OF SEM?2'

[41] 'FEASIBLE CELLS SEP2<SEM2 SEM2<SEP2 SSE2(MLE) SSE2(P)"
(42] A+~ '

[43] Be '

[44] ce '

[45] DO~

[46] B.(SNUM),A,(3DIFP),B,(3DIFM),C,(3SSEM),DD, (3SSEP)

Figure D.24 APL Punction TEST.
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